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REMARKS 

Claims 1-38 are pending. Claims 13-27 and 29-38 have been withdrawn. Herein, 
Applicants have amended pending claims 1-5, 10-11, and 28, cancelled claims 6-9 and 12 
and added new claims 39-43. Accordingly, claims 1-5, 10-11, 28 and 39-43 are being 
examined. 

Support for amended claims 1-5, 10-1 1 and 28 and new claims 39-43 may be found in the 
claims and specification as originally filed. Accordingly, these changes do not involve 
new matter and Applicants respectfully request entry of these changes. 

Support for amended claim 1 may be found in the specification as originally filed at page 
16, paragraph [0048] last sentence, Table 2 at page 8, and originally filed claims 4, 6 and 
7. 

Support for amended claims 2-5, 10-11 and new claim 41 may be found in the 
specification as originally filed at page 1, paragraph [0003]; page 2, paragraph [0005], 
originally filed claim 8. 

Support for amended claim 28 may be found in the specification as originally filed at 
page 15, paragraph [0045]. 

Support for new claims 39 and 40 may be found in the specification as originally filed at 
page 16, paragraph [0048]. 

Support for new claim 42 may be found in the specification as originally filed at pages 
14-15, paragraph [0044]. 
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Support for new claim 43 may be found in the specification as originally filed at pages 
14-16, paragraphs [0044-0048]. 

In accordance with the changes to the claims and the remarks that follow, Applicants 
respectfully request reconsideration of the outstanding rejections. 

ITEM 1: RESTRICTION REQUIREMENT 

At page 2 of the outstanding Office Action, the Office has made the Restriction 
requirement final. Accordingly, claims 1-38 remain pending, claims 13-27 and 29-38 are 
withdrawn from consideration as being directed to non-elected subject matter and claims 
1-12 and 28 are being examined. No response is due. 

ITEM 2: PRIORITY 

The Office acknowledges Applicants' claim for priority to provisional application 
60/249,762, filed November 17, 2000. No response is due. 

ITEM 3: INFORMATION DISCLOSURE STATEMENT 

At pages 2-3 of the outstanding Office Action, the Office has indicated that reference 
Arima et al., ("Effects of Extracellular Matrix on Rat Kupffer Cell Functions in Vitro" 
1999, Cells of the Hepatic Sinusoid, 7:68:69) was not found in the application file nor 
was it found upon a search by the Examiner. 

Applicants have thus far not been able to obtain the reference but Applicants will 
continue searching for the correct cite and will provide it to the Examiner upon retrieving 
it. 
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ITEM 4: REJECTION UNDER 35 U.S.C 8102(b) 

At pages 3-7 of the outstanding Office Action, the Office rejected the following under 35 
U.S.C. § 102(b): 

(i) claims 1-8, 10-12 and 28 as allegedly anticipated by Pulford et al., (Clin Exp 
Immunol. 1980) (hereafter Pulford), 

(ii) claims 1-12 and 28 as allegedly anticipated by Gendrault et al., (Pathobiology, 1991) 
(hereafter Gendrault), and 

(iii) claims 1-8, 10-12 and 28 as allegedly anticipated by Yoshioka et al., (Veterinary 
Immunology and Immunopathology, 1997) (hereafter Yoshioka). 

Applicants respectfully disagree. 

Applicants' invention is directed to a composition comprising isolated human replicating 
Kupffer cells, wherein the replicating Kupffer cells express CD68, do not express TGF0, 
and at least some of the Kupffer cells have undergone cell division during culture in vitro, 
but wherein the composition does not comprise other Kupffer cells that do not express 
CD68 and that express TGFp. Further, in one embodiment, Applicants use limiting 
dilution methodology to isolate a clonal population of replicating Kupffer cells. 

THE LEGAL STANDARD FOR NOVELTY 

To anticipate a claim, a prior art reference must disclose every limitation of the claimed 
invention, either expressly or inherently. Atlas Powder Co. v. E.I, du Pont de Nemours & 
Co. , 750 F.2d 1569, 1574, 224 USPQ 409, 41 1 (Fed. Cir. 1984). Each and every element 
of the claimed invention must be disclosed in a single prior art reference in a manner 
sufficient to enable one skilled in the art to reduce the invention to practice, thus placing 
the invention in possession of the public. W.L. Gore & Assocs., Inc. v. Garlock, Inc. , 
220 USPQ 303 (Fed. Cir. 1983), cert denied 469 U.S. 851, 105 S.Ct. 172 (1984); Scripps 
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Clinic & Research Found, v. Genentech, Inc. , 927 F.2d 1565, 1576-7 (Fed. Cir. 1991), 
clarified, on recons., 1991 U.S.App. LEXIS 33,486 (Fed. Cir. 1991). The absence of 
even a single element from a prior art reference negates anticipation. Atlas Powder Co. 
v. E. I. Du Pont de Nemours & Co. , 750 F.2d 1569, 1574 (Fed. Cir. 1984). 

To serve as an anticipation when the reference is silent about the asserted inherent 
characteristic, such gap in the reference may be filled with recourse to extrinsic evidence. 
Such evidence must make clear that the missing descriptive matter is necessarily present 
in the thing described in the reference, and that it would be so recognized by persons of 
ordinary skill. Continental Can Co. v. Monsanto , 948 F.2d 1264, 20 USPQ2d 1746 
(1991). "Inherency, however, may not be established by probabilities or possibilities. 
The mere fact that a certain thing may result from a given set of circumstances is not 
sufficient." 

APPLICANTS HAVE MET THE LEGAL STANDARD FOR NOVELTY 

As discussed supra, the claimed invention is directed to a composition comprising 
isolated human replicating Kupffer cells, wherein the replicating Kupffer cells express 
CD68, do not express TGFf3, and at least some of the Kupffer cells have undergone cell 
division during culture in vitro, but wherein the composition does not comprise other 
Kupffer cells that do not express CD68 and that express TGFp. In one embodiment, 
Applicants use limiting dilution methodology to isolate a clonal population of replicating 
Kupffer cells. 
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The Prior Art Does Not Teach Every Limitation Of The Claimed Invention 

(i) Pulford et al 

Pulford teaches isolation of mouse Kupffer cells, and the growth of these cells in culture. 
The mouse Kupffer cells in Pulford are a mixed population of cell as exemplified by the 
appearance of epithelioid cells, multinucleate cells and giant cells in their cultures after a 
few days (page 69 and Figs 1 and 2). 

However, Pulford does not teach isolated human replicating Kupffer cells that express 
CD68 and do not express TGFft . Since Pulford does not teach every aspect of the 
claimed invention, it references cannot form the basis for an anticipation rejection under 
§102(b). 

(ii) Gendrault et al 

Gendrault teaches isolation of Kupffer cells from human subjects with liver cancer and 
co-culture of the Kupffer cells with CEM cells that had been infected with HIV. 
Gendrault noted syncytia formation and infection of the Kupffer cells with HIV. The 
Kupffer cells isolated by Gendrault are a mixed population. Gendrault states that the 
protocol of Kirn et al. (Exhibit 1) was used to isolate Kupffer cells. Kirn et al. note that 
the Kupffer cell population isolated by the protocol they describe is less than 100% pure, 
and that 10-15% of cells do not show typical features of Kupffer cells (p. 217). 
Furthermore, Gendrault does not show whether or not Kupffer cells isolated by its 
methods are replicating. As discussed infra, not all Kupffer cells are replicating. 

Thus, Gendrault does not teach isolated human replicating Kupffer cells that express 
CD68 and do not express TGF[3 . Since Gendrault does not teach every aspect of the 
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claimed invention, it references cannot form the basis for an anticipation rejection under 
§102(b). 

(Hi) Yoshioka et al. 

Yoshioka teaches isolation of bovine Kupffer cells. The bovine Kupffer cells in 
Yoshioka are a mixed population of cells as indicated by the author "the primary cultured 
cells . . . were alive for one week by changing the medium every day. However, a few 
dividing cells (probably fibroblast or endothelial cells) were increased after five days." 

However, Yoshioka does not teach isolated human replicating Kupffer cells that express 
CD68 and do not express TGFp . Since Yoshioka does not teach every aspect of the 
claimed invention, it references cannot form the basis for an anticipation rejection under 
§ 102(b). 

The Prior Art Reference Does Not Inherently Teach The Claimed Invention 

As stated in MPEP §706.02(IV), "...for anticipation under 35 U.S.C. §102, the reference 
must teach every aspect of the claimed invention either explicitly or impliedly. Any 
feature not directly taught must be inherently present." 

As discussed supra, the claimed invention is directed to a composition comprising 
isolated human replicating Kupffer cells, wherein the replicating Kupffer cells express 
CD68, do not express TGFp, and but wherein the composition does not comprise other 
Kupffer cells that do not express CD68 and that express TGFp. In one embodiment, the 
isolated human replicating Kupffer cells have undergone at least one cell division during 
culture in vitro: 
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However, Kupffer cells are a heterogeneous group of cells (Exhibit 2, Abstract; Exhibit 
3, p. 666, right column, second full paragraph). Further, CD68 is a marker for activated 
Kupffer cells (Exhibit 4, right column, second full paragraph). Therefore, Kupffer cells 
in general would not necessarily express CD68 and therefore expression of CD68 is not 
inherent in Kupffer cells in general. Additionally, Kupffer cells do not necessarily 
replicate in vitro or in vivo (Exhibit 3, page 669, left column, last paragraph, and page 
670, Table 2; and Exhibit 5, page 360, left column, top paragraph). Thus, Kupffer cells 
are not inherently replicating, in vivo or in vitro. Accordingly, the prior art references do 
not inherently anticipate the claimed invention. 

Since the prior art references do not teach each and every element of the claimed 
invention, nor do the prior art references inherently teach the claimed invention, 
Applicants respectfully request that the Office reconsider and withdraw the rejections to 
claims under 35 U.S.C. §102(b). 

CONCLUSION 

If a telephone interview would be of assistance in advancing the prosecution of the 
subject application, Applicants' undersigned attorney invites the Examiner to telephone 
her at the number provided below. 
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No fee, other than $60.00 fee for one-month extension of time, is deemed necessary in 
connection with the filing of this response. If any further fee is necessary, the Patent 
Office is authorized to charge any additional fee to Deposit Account No. 50-0306. 



Respectfully submitted, 

Sarah B. Adriano 
Registration No. 34,470 
SaraLynn Mandel 
Registration No. 31,853 
Mandel & Adriano 
572 East Green Street, Suite 203 
Pasadena, California 91 101 
626/395-7801 
Customer No: 26,941 
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Endocytic Capacities of Kupffer Cells Isolated 
from the Human Adult Liver 

Andre Kiun, Annick Bingen, Anne-Marie Steffan, Marie-Therese Wild, 
Franchise Keller* and Jacques Cinqualbre 

Department of Virology, Groupe de Recherche INSERM U 74 and Department of Urology, 
Faculty of Medicine, 3 rue Kqeberle, 67000 Sfrasbourg, France 

Kupffer cells isolated from human adult livers and maintained in culture display the main 
structural features of macrophages. They arc able to phagocytose latex particles and opsonized 
sheep erythrocytes in vitro. Vaccinia virus as well as Frog Virus 3 are taken up and uncoated in 
cultured Kupffer cells. Such a model may be used advantageously for studying different problems 
in liver physiopathology. 



Over the last few years, attention has been focused on 
liver sinusoidal cells, especially Kupffer cells, and their 
possible role in the pathogenesis of liver disease (1, 2). 
Thanks to the use of perfusion fixation, our knowledge of 
the structure of the liver sinusoids under normal and 
pathological conditions has considerably progressed (3). 
Several methods have been developed for isolating Kupf- 
fer cells from .the rat liver (4-6): However, in order to 
study the part played by the Kupffer cells in human 
diseases, it is important that the cells be of human origin. 
We have recently shown that it is possible to isolate 
viable Kupffer cells from the human adult liver (7). In 
this paper, we demonstrate that these cells retain their 
phagocytic capacities in vitro and suggest that they may 
thus provide a good experimental model for studying 
different problems in liver physiopathology. 

materials and methods 

Isolation and Culture or Human Kupffer Cells 

Five human livers were taken on different occasions 
from normal adult donors with flat EEGs. Immediately 
after ablation, the livers were perfused with "Euro Col- 
lins" buffer in order to wash out the blood and to mini- 
' mize contamination with peripheral blood cells. The liv- 
ers were then rapidly transported to the laboratory in 
isothermic recipients at +4°C. At the laboratory, a frac- 
tion of liver was removed and frozen in liquid nitrogen. 
The parenchyma of the remaining portion was injected 
at different points with 0.05% collagenase (Worthington 
Biochemical Corp., Freehold, N.J.) diluted in Gey*s 



Received March 30, 1981; accepted December ), 1981. 

This work was supported partly by a grant; of the Fondaticm pour la 
Recherche Medicale Proncaise and partly by Contract. D.RE.T. 80/ 
340. , . . . 

Address reprint requests to: Andre Kirn, M.D., Universite Louis 
Pasteur, Department of Virology, 3 ( rue Koeberle, G7000 Strasbourg, 
France. 



buffer. Pieces of liver were then cut up with scissors and 
incubated in 0.05% collagenase for 45 min, which leads to 
the dissociation of the sinusoidal cells. Lysis of the con- 
taminating hepatocytes was obtained by incubation in a 
New Brunswick gyrotory water bath at a speed of 280 
rpm. It has been shown that contaminating parenchymal 
cells of the rat liver are very fragile and may easily be 
disrupted (8). The cellular suspension was then filtered 
on nylon, washed," and suspended iri metrizarnide (final 
density, 1.089 gm per cm 3 ). After 15 min of centrifugation 
at 1,400 g y the cellular band at the interphase was col- 
lected, washed, and introduced into a Beckman JE 6 
elutriation rotor at 2,500 rpm at a flow rate of 15 ml per 
min. The increase in the flow rate to 22.4 ml per min 
enabled a first fraction containing mainly endothelial 
cells to be collected; with a flow rate of 42.4 ml per min, 
a second fraction of Kupffer cells was obtained. Fraction 
II contained between 300 and 500 million cells per elu- 
triation cycle. The viability of the cells, estimated by the 
absence of trypan blue coloration, varied from 90 to 95% 
depending on the experiment. 

In order to evaluate the contamination with peripheral 
blood cells, several specimens of liver were defrozen, 
incubated .with collagenase, and the amount of hemoglo- 
bin was measured as previously described (6). From the 
mean value found (96 /ig per gm liver), it could be 
calculated that the monocyte contamination did not ex- 
ceed 2 per I0 B Kupffer cells in perfused livers. 

The Kupffer cells were cultured in Dulbecco-Hepes 
medium supplemented with 20% of the donor's serum, 
either in plastic microplaques (Costar, Data Packaging, 
Cambridge, Mass.) or in glass tissue culture chambers 
(Miles Laboratories, Inc., Elkhart, Ind.). Twenty-four- 
hour cultures were used for the experiments. 

Agents to Which Kupffer Cells Were Exposed 

(a) Opsonized Sheep Erythrocytes (OSE). Sheep 
erythrocytes (1 X 10° ml) were opsonized with antisheep 
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erythrocyte IgG (Pasteur Institute, Paris, Prance) having 
specificities for both heavy and light IgG chains at a final 
dilution of 1/5,000 OSE were added to the Kupffer cells 
at a concentration of 40 erythrocytes per ceil in Gey's 
buffer. 

(b) Latex Purtu-tcs. Latex particles (Agar Aids S 130- 
7) of 1.091 jttni uionn diameter were diluted in Gey's buffer 
without serum aul added to the cells at a final dilution 
of 1/10. 

(c) Viruses. I'Yog Virus 3 (FV 3) and vaccinia virus 
were cultured in ha by hamster kidney cells at 26° and 
37°C, respectively ; t hey were purified by sucrose gradient 
centrifugation. 

Determination of Peroxidase Activity 

Peroxidase HUiiriing was carried out on fresh cells. The 
cells were spread over glass slides, dried at room temper- 
ature, and stained in buffered diamino-benzidine solution 
(Sigma Chemical Co., St Louis, Mo.) at pH 7.4 for 30 
min. The staining was followed by a short wash with 
Gey's buffer. 

Electron Microscopy 

Transmission Electron Microscopy {TEM). Control 
cells and infected cells were fixed at room temperature 
with 2.5% glutai aldehyde and postfixed with 1% osmium 
tetroxide for 1 hi at 4°C. The cells were then dehydrated 



and embedded .in Epon, Thin sections doubly stained 
with uranyl acetate and lead citrate were examined at 80 
KV under a "Philips EM 300" electron microscope. 

Scanning Electron Microscopy (SEM), Fixation was 
carried out as described above. Dehydration was com- 
pleted with a graded ethanol series. The slides were then 
immersed in isoamylacetate, and critical-point drying 
was earned out using a "Polaron E 3000" apparatus. 
Fragments of dried samples were sputter-coated with 
gold. The samples were observed and photographed un- 
der a "Philips SEM 501" at 15 KV. 



RESULTS AND DISCUSSION 

The purity of the Kupffer cell fraction was checked by 
determination of the peroxidase activity and by trans- 
mission electron microscope observations. More than 
94% of the cells in Fraction II demonstrated a positive 
peroxidase reaction whereas 85 to 90% showed typical 
features of Kupffer cells in SEM (Figure 1). 

Although the livers were carefully perfused with buffer, 
contamination witl^ peripheral blood cells and especially 
with monocytes cannot be completely excluded. The fact 
that only very low amounts of hemoglobin were found in 
the cellular, suspension after collagenase digestion dem- 
onstrates that monocyte contamination is only slight 

Cultured Kupffer cells exhibit the main structural fea- 
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tures of macrophages (Figure 2). The surface of the cells 
" covered with large lamellipodes and rmcrovuh and 
1ZI no fuzzy coat. However, it canno necessarily be 
condudeVtl J human Kupffer cells in culture a^e devoid 
of this fuzzy coat since it has been reported that glutei - 
aldehyde fixation does not allow the preservation > of ^the 
fuSv coat of rat Kupffer cells (9). The cj-toplasm contouis 
numerous vacuoles and dense bodies which vary in size, 
SrsUy aYd content. The mitochondria appear round m 
Sections and oblong in longitudn^ ones ^ugh 
endoplasmic reticulum is distributed throughout the cy- 
toplaL. Human Kupffer cells ^ d 1S play most of the 
characteristics reported for rat Kupffer ^00). 

The endocytic capacity of f cultur ^ p ^oc^ble» 
cells was first studied using latex as the P ha «°f *"JJ 

Serial, A suspension fof 60 nSi The 

culture which was incubated at 37°C : faM 60 nun. The 
cells were then waslied and processed for TEM. It £ clear 
from Figure 3 that the latex grains have been taken up 
bvttie Kupffer cells; several particles may be observed 
E S cytoplasmic vacuoles. In some cases, the 
So^mTmerbrane surrounding the particle is clearly 
S£ Tocher cases, fusion between lysosomes and 
containing phagosomes could be observed (result 
not shown). It should also be pointed out that, because 
of a marked reduction in the number of microvilli, the 



cell surface appears much smoother than in nonphago- 
cytos ng cells. The smoothing of the phagocytosmg Kupf- 
fS cell surface lias also been observed in uuw after the 
Inoculation of glutaraldehyde-treated erythrocytes intc 
the nortal vein of the rat (11). 

We Ten studied the uptake of OSE. Figure 4 shows a 
tinn section of a Kupffer cell incubated m viti-o for 2( 
mm wuS a suspension of OSE. The OSE attach either « 
SodSor to £he surface of the Kupffer cell and, m box 
caTs bear obvious distortions. One erythrocyte has al 
refdy been ingested and lies in a vacuole inside Uv 
cytoplasm. A particularly stinking illustration of the le 
suit offSestion is provided by the SEM micrograph r 
Figure 5f the Kupffer cell spread out on the plasti 
support 4 completely misshapen, and its outline bulg* 
Sh the internalized OSE. At least two condusioi* ma 
be drawn from the fact that human Kupffer cells are ab 
to ZZytose OSE in vitro: (i) the ceUs stall possess I 
receptors which are responsible for the attachment , 
OSE (12); (ii) they satisfy the metabohc necessities f< 
ineestion to take place (12). 

In the last place, we studied the capacity of hum 
Kupffer cells to interact with viruses in. vitro. When ti 
Swere infected for 1 hr with vaccinia virus Figure ( 
numerous particles, easily recognizable by their .brick 
Soid-shaped outlines, could be found lying within t 
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Fig, 3. Phagocyr.'j.sis of latex particles (L) by human Kupffer ceils in viirti. Four latex particles (1.031 jum dinmeter) are enclosed in phagocytic 
vacuoles (Va). x I.VKK). 
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lilnnli 0, I*. J Sha S 0C > ,l, ' h " uf OSK by human Kupffer cells in vitro (TISM). Three erythrocytes are attached to the Kupffer cell whereas one red 
JJ «ocl cell has a]mt(K . , ilM1J1 j nRestec i. x 18,300. 
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Pig. C. Phagocytosis of OSE by human Kupffer cells in vitro (SEM). The outline of the cell bulges with the phagocytosed erythrocytes (15). 
The oval protrusion corresponds to the nucleus (N) of the Kupffer coll x 6,100. 




Fio. 6. Human Kupffer cell cultured for 24 hr at 37 °C and infected for 1 hr with vaccinia virus. The cytoplasm of the coll displays numerous, 
phagosomes containing viral particles. X 23,200. Inset: three viral particles have already undergone the beginning of the uncoating process 35 rti» 
after the infection (-»); they display rectangular or oval shapes and bear radiating projections, thereby demonstrating that the outer envelope hb . .. 
disappeared (*). Intact virion inside a phagocytic vacuole. X 3O.A00. 
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vacuoles inside the cytoplasm. Some vacuoles contain 
only one or two particles, whereas others are literally 
filled with virions. Fifteen minutes after the infection, 
some of lit* viral particles have already lost their outer 
envelopes (Figure 6, viset), a step which precedes the 
uncoating process, i.e., the opening of the viral shell 
allowing the viral DNA to be liberated into the cytoplasm 
(13). The presence in some cells of "ghosts," which are in 
fact empty viral capsids (results not shown), indicates 
that a virus-directed protein synthesis may take place in 
human Kupffer cells. The synthesis of a specific enzyme 
indeed is known to be necessary for digestion of the 
vaccinia virus shell (13). 

The interaction of FV 3 with human Kupffer cells is of 
particular interest since this virus produces an acute 
degenerative hepatitis in mice and rats starting with 
sinusoidal cell injury (14). In Kupffer cells infected with 
FV i5 for ) hr, numerous hexagonal virus particles may 
be observed in lucent or dense vacuoles, the latter prob- 
ably cormjponding to phagolysosomes (Figure 7). It 
should be stressed that the phenomenon of fusion of the 
viral shell with the membrane of the phagosome, a par- 
ticular mode of uncoating which occurs in rat Kupffer 
cells (15, Hi), also takes place in human cells {inset of 
Figure 7). This fusion is followed by the release of the 
viral material into the cytoplasm and by the integration 
of the vinif shell in the membrane of the vacuole, a 
phenomenon whose possible physiopathological signifi- 



cance is still unknown. Infected Kupffer cells finally 
degenerate within 3 to 4 hr. 

Our results demonstrate that semiperfusion of human 
livers with collagenase allows viable Kupffer cells to be 
isolated. The proteases which are often present in com* 
mercial collagenase preparations, therefore, seem not to 
produce any noticeable change in the cells; after incu- 
bation in the enzyme solution, the Kupffer cells retain 
the entirety of their structural and endocytic properties 
unchanged. Moreover, a similar technique using collagen- 
ase recently allowed us not only to isolate endothelial 
cells from human and rat livers but also to cultivate them 
for the very first time (17). These cells too retain their 
morphological features in vitro (i.e., well-preserved fe- 
nestrae) and adhere to the support which demonstrates 
that, under our conditions, contaminating proteases do 
not cause detectable damage to sinusoidal cells, 

Among the numerous problems of liver physiopathol- 
ogy which may be tackled using isolated Kupffer cells, 
three are especially interesting. First, the interaction of 
human hepatitis viruses with Kupffer cells may be stud- 
ied. At the present time, it is not known: (i) how hepatitis 
viruses present in the blood stream reach the parenchy- 
mal cells; (ii) if they are able to multiply in the Kupffer 
cells and if so, whether this step is necessary for infection 
to occur. Second, the capacity of the Kupffer cells to 
detoxify endotoxin in vitro may be investigated. It has 
been claimed that the macrophages are responsible for 




vac^* ? ' P umim Ku P ffer cel1 cultured for 24 hr at 37°C and infected for 30 min with FV 3. Hexagonal viral particles may be observed in lucent 
virij 10 If f, ltu . ali ' <! miQr tlie cel1 membrane (-*); some other vacuoles containing viruses (*) display a dense content, x 23,200. Itiset: fusion of the 
s Bhell with t la* membrane of a vacuole; the content of the virion has been liberated into the cytoplasm of the Kupffer cell (rf>). x 41,600. 
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the detoxification of the endotoxins (18) but this has 
never been demonstrated experimentally for Kuptter 
cells Third, isolated Kupffer cells may constitute an 
excellent model for screening the ability of drugs to 
produce an activation or a depression of the reticuloen- 
dothelial system. It is important thai drugs capable of 
modifying Kupffer cell activity be recognized. 

RKFEHRNCBS 

L Popper H. Summary. In: Wisse K. Knook DU eds. Kupffer cells 
and other liver sinusoidal cells. Amsterdam: Elsevier/North Hoi- 
land Biomedical Press, 1077; 509-614, 

2 Liehr H Griin M. The reticuloendothelial system and the patno- 
' renesis of liver diseases. International Biomedical Symposium 

Wiirzmirg 1979. Amsterdam: ISlsovicr/North HoUand Biomedical 

3 Wtoe* E 9 An ultrasl ructural characterization of the endothelial cell 

* in the rat liver sinusoid under normal and variouR experimental 
conditions, as a contribution to the distinction between endothelial 
and Kupffer cells. J Ultrastruct Res 1 972; 38:528-502, 

4 Knoolc DL, Blansjaar N, Sleyster R Ch. Isolation and charactert- 

* cation of Kupffer cells and endothelial cells from the rat liver. fcxp 
Cell Hch 1977; 109:317-330. . t . , 

5. Munthe-Kaas AC, Berg T, Segjcn PO, et aL Mass isolation and 
culture of rat Kupffer cells. J Exp Med 1975; 341:1-10. t 

6 Kirn A, Stelfon AM, Bingen A. Inhibition of eri'throphagocytosjs 
in cultured rat Kupffer cells infected with Frog Virus 3. J Kehcu- 
loendothelSoc 1980; 28:381-389. 

7. Kirn A, Steffan AM, Bingen A, ct al. Element et cu toe Mules 
de Kupffer humaines. C R Acad Sci Sene D (Paris) 1980; 291:249- 
251 

8. Zahltcn RN, Haglor HH, Najtek MIS, et al. Morphological charac- 



terization of Kupffer and endothelial cells of rat liver isolated by 
counter flow elutriation. Gastroenterology 1978; 75:80-87. 

9 Wisse E, Ultrastructure and function of Kupffer cells and other 
' sinusoidal cells in the liver. In: Wisse E, Knook DL, eds. Kupffer 

cells and other liver sinusoidal cells. Amsterdam: Ehsevier/Norlh 
Holland Biomedical Press. 1977: 33-60. 

10 Wisse B. Observation of the fine structure and pcroxydase cyto- 
' chemistry of normal rat liver Kupffer cells. J Ultrastruct Res 1974; 

40:393-420. , . _ 

1L Mulo M, Fujitfl T. Phagocytic activities of the Kupffer cell: a 

scanning electron microscope study. In: Wisse K, Knook DL, eds, 

Kupffer cells and other liver sinusoidal cells. Amsterdam: blsevier/ 

North Holland Biomedical Press, 1977: 109-119. 
12 Munthe-Kaas AC, Kaplan G, Seljedid It On the mechanism of 

internalization of opsonized particles by rat Kupffer cells m vitro. 

Exp Cell Res 1976; 103:201-212. t 
13. Joklik WK. The intraceliular uncoating of pox-vwus UNA. 1L The 

molecular basis of the uncoating process. J Molec Biol 1964; 8:277- 

288. ... 

14 Kirn A, Gendrault JL, Bingen A, et al Alterations m commumca- 
' tion between the sinusoidal cells and the hepatocyt^ produce^ hy 

Prog Virus 3 in the murine liver. In: Popper H, Btancm. L, Gudat F 
et al., eds. Communication of liver cells. Lancaster MIT Press 
Limited, 1980: 201-209. 

15 Gendrault JL> StefTan AM, Bingen A, et al. Penetration and un- 
coating of Prog ViwiB 3 (FV 3) in cultured rat Kupffer cells. Virology 
1981; 12:375-384. 

16. Gut JP, Anton M, Bingen A, et al. Prog Virus 3 induces a fatal 
hepatitis in rats. Lab Invest 1981; 45:218-228. 

17. Sleffiin AM, Lccerf F, Keller F, et al. Isolemont et culture de 
cellules endothelials de foies humain et murin. C R Acad Sci Sene 
D (Paris) 1981; 292:809-815. , 

IB. RuUmburg SH, Schweinburg FB, Fine J J * ^ Q d ^^^ 
bacterial endotoxin by macrophages. J Exp Med 1960; 112.801-807. 



EXHIBIT 2 

U.S. Serial No. 09/991,583 
Ligia F. Gomes et al., 
Molecular Aspects of 
Medicine, 2004, 25:183-90 



MOLECULAR 
ASPECTS OF 
MEDICINE 

Molecular Aspects of Medicine 25 (2004) 183-190 ============= 

www.elsevier.com/locate/mam 

Review 

Tri-iodothyronine differentially induces 
Kupffer cell ED1/ED2 subpopulations 

Ligia F. Gomes a '*, Sandra Lorente a , 
Karin A. Simon-Giavarotti b , Kelsy N. Areco c , 
Clovis Araujo-Peres c , Luis A. Videla d 

a Departamento de Analises Cltnicas e Toxicolbgicas FCF-USPISP, Brazil 
b Departamento de Medicina UNIFESPISP, Brazil 
c Departamento de Medicina Preventiva UNIFESPISP, Brazil 
d Facultad Medicina, Universidad de Chile, Santiago, Chile 



Abstract 

Thyroid calorigenesis is carried out by activation of cytochrome-c oxidase, as well as by 
induction of mitochondrial and nuclear genes that code for cell respiratory apparatus com- 
ponents and uncoupling proteins. These effects operate increments in basal metabolic rate and 
also lead to increased production of oxygen and nitrogen reactive species in liver parenchymal 
cells. The hepatic antioxidant system is also compromised, since superoxide dismutase and 
catalase activities, glutathione content and lipid soluble antioxidants are reduced. Liver 
macrophages contribute to the hepatic oxidative stress observed in T 3 -treated rats, and both 
Kupffer cell hyperplasia and hypertrophy are reported. Kupffer cells constitute the main fixed 
macrophage population in the body and are a heterogeneous group of cells, derived from a less 
numerous population of local precursors, which are morphologically fairly distinguishable 
from the mature lineage elements. EDI and ED2 antigens have been particularly useful in the 
characterization of Kupffer cell subpopulations. In particular, antibodies against these anti- 
gens provided evidence that J 3 -induced Kupffer cell hyperplasia causes a shift on liver mac- 
rophage population phenotype, leaning towards younger cell types. Despite the fact that 
sinusoidal environment itself stimulates the proliferation of macrophage precursors and then- 
differentiation into Kupffer cells, increased Kupffer cell turnover rates modify the sinusoidal 
environment and may imply further functional effects. Thus, Kupffer cell hyperplasia sec- 
ondary to increased T$ levels is potentially a pro-inflammatory event, which involves both, the 
expansion of Kupffer cell precursor population by means of circulating monocyte recruitment, 
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and the differentiation of preexisting local Kupffer cell precursors into mature liver macro- 
phages. 

© 2004 Elsevier Ltd. All rights reserved. 

Abbreviations: AP-1, activator protein- 1; GdCl 3 , gadolinium chloride; GM-CSF, granulocyte and 
macrophage-colony stimulating factor; GSH, reduced glutathione; H2O2, hydrogen peroxide; IL-3 and IL- 
6, interleukin-3 and -6; M-CSF macrophage-colony stimulating factor; NF-kB, nuclear factor kB; PAF, 
platelet activating factor; r 3 , 3,5,3'-L-triiodothyronine; TNF-a, tumor necrosis factor a 
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1. Liver oxidative stress and inflammation in hyperthyroidism 

The general relationship between hyperthyroidism and oxidative stress was pro- 
posed after the establishment of a significant and direct correlation between basal 
metabolic rate and tissue lipid peroxidation potential in different mammalian species 
(Cutler, 1985). Hepatic oxidative stress occurs early in experimental animals made 
hyperthyroid by 3,5,3'-L-triiodothyronine (r 3 ) administration, even if only subclin- 
ical disease is produced. Increments in the production of oxygen (microsomal, 
mitochondrial, and peroxisomal) and nitrogen (cytosolic) reactive species correlate 
to the acceleration of aerobic metabolism, evoked by T 3 during its calorigenic action 
on the liver tissue (Fernandez et al., 1985; Videla, 2000). Thyroid calorigenesis is 
carried out by the activation of cytochrome-c oxidase (short-term pathway), as well 
as induction of mitochondrial and nuclear genes that code for cell respiratory 
apparatus components and uncoupling proteins (long-term pathway) (Videla, 2000). 
Augmented biliary excretion of oxidized glutathione and higher lipid and protein 
oxidation in the liver were also observed (Tapia et al., 1999; Videla, 2000). The main 
hepatic antioxidant systems are found compromised, since superoxide dismutase and 
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catalase activities, and GSH and lipid soluble antioxidants contents are reduced 
(Fernandez et al., 1991; Tapia et al., 1999). 

Heart myocytes and liver parenchyma are highly susceptible to 7 3 cytotoxicity. 
Liver tissue initially adapts to the increased protein synthesis by a reversible hepa- 
tocyte modification, known as cloudy swelling, which is accompanied by some de- 
gree of Kupffer cell hypertrophy (Del Monte, 2001). By the time effective treatment 
for hyperthyroidism is started, concurrent liver damage is usually found, evidenced 
by fatty change, centrilobular hepatic necrosis, and cirrhosis. 

With the exception of differentiating preadipocytes, extra-thyroidal rat and 
human tissues are largely irresponsive to thyrotropin (Haraguchi et al., 1996). 
Subsequently, major metabolic modifications observed in hyperthyroid states are 
due to the action of thyroid hormone molecules upon tissue targets. However, 
adipogenesis and adipocyte differentiation potentially contribute to the regulation of 
inflammatory conditions as seen in thyroid eye disease (Ludgate and Baker, 2002). 



2. Effects of J 3 on Kupffer cells 

Kupffer cells activity contributes to the hepatic oxidative stress observed in 7 3 - 
treated rats. In addition to r 3 -induced increase in protein synthesis, an expansion of 
the Kupffer cell population is reported (Tapia et al, 1997). Kupffer cell hyperplasia is 
accompanied by an increase in the luminescence emitted by liver tissue homogenates, 
stimulated by opsonized zymosan (Videla et al, 1995). Perfusion experiments, carried 
out with livers isolated from rats made hyperthyroid by r 3 administration, showed 
increases in TNF-ot production, oxygen consumption, and Kupffer cell phagocytic 
capacity (Tapia et al., 1997). In vivo colloidal carbon uptake is also enhanced in the 




Fig. 1. Representative photomicrography of colloidal carbon uptake by the liver of rats treated with: 
(A) saline, (B) T 3i (C) GdCl 3 , (D) T 3 and GdCl 3 . Formalin fixed, paraffin embedded liver slices (3 um) 
were counterstained with nuclear neutral red. Magnification: 400x. 
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liver of r 3 -treated animals (Fig. 1). All the above effects are abolished by gadolinium 
chloride (GdCl 3 ) administration (Tapia et al., 1997). GdCl 3 , a selective Kupffer cell 
inactivator, also significantly reduces GSH consumption, lipid peroxidation, and 
nitric oxide production by the liver (Hardonk et al., 1992; Tapia et al., 1997). 

The pathophysiology of Kupffer cell hyperplasia is not entirely elucidated. A 
direct action of thyroid hormone, such as that verified in other cell types, as in he- 
patocytes, has been proposed for local Kupffer cell precursors which proliferate in 
response to increasing concentrations of T 3 (Columbano and Shinosuka, 1996; 
Torres et al., 1999). This hypothesis implies a non-inflammatory expansion of the 
macrophage population, which can induce oxidative stress as a secondary phe- 
nomenon. On the other hand, a pro-inflammatory response in the sinusoidal 
microenvironment could trigger monocyte recruitment from peripheral blood and 
the production of inflammatory mediators in response to the redox imbalance 
produced in the liver. 



3. Proliferation and differentiation of Kupffer cells 

According to the concept of mononuclear phagocytic system, inflammatory 
exudate macrophages and resident macrophages are all derived from peripheral 
blood monocytes and differentiated into low proliferative capacity cells (Takezawa 
et al., 1995). While in the newborn the liver is a central organ for the production and 
supplementation of macrophages and their precursors to other tissues, in healthy 
adults only 2% of liver cells are under division (Naito et al., 1997). The elevated 
proliferative potential of fetal liver macrophages is essential to assure their survival 
in the liver and the colonization of other fetal tissues, by means of the blood stream 
(Naito et al., 1997). Nevertheless, Kupffer cell proliferation by local cell division can 
be observed in adult organisms after injection of macrophage stimulating agents and 
following partial hepatectomy. 

Putative local liver macrophage precursors are proposed to derive from circulating 
monocytes, which originate in bone marrow hematopoietic tissue (Crofton et al., 
1978). Among other growth factors, such as interleukins (IL-6, IL-3) and granulocyte 
and macrophage-colony stimulating factor (GM-CSF), macrophage-colony stimu- 
lating factor (M-CSF) seems the most important stimulator in the development and 
differentiation of the restricted macrophage lineage (Naito et al., 1997). 

4. Kupffer cell subpopulations 

Macrophages constitute a functional and morphologically heterogeneous group 
of cells, and the subgroups may be identified by immunohistochemical techniques. 
EDI and ED2 antigens have been particularly useful in the characterization of 
Kupffer cells subpopulations. EDI antibody binds to most macrophage populations, 
as well as peripheral blood monocytes and bone marrow precursors. Despite the fact 
that a few other cell types also express EDI when activated, it has been used as a 
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mononuclear phagocytic system member label (Damoiseaux et al., 1994). EDI 
antibody recognizes a simple chain of glycoprotein of 90,000-110,000 kDa, pre- 
dominantly expressed on the lysosomal membrane and, to a lower extent, on the cell 
surface. EDI expression and glycosylation levels are accentuated by phagocytic 
stimulus. Differential expression of this antigen derives from the exchange of 
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Fig. 2. Macrophage subpopulation cell densities (cells/mm 2 ) in control and hyperthyroid rat liver regions 
(I— III). Immunohistochemistry employed EDI and ED2 MoAbs (Serotec), and was developed with 
Alkaline Phosphatase Envision System (DAKO). Formalin fixed, paraffin embedded liver slices, 3 |im, 
were used. Morphometric analysis was sampled out in a 0.7 mm 2 area/ liver region, with Image-Pro® Plus 
v4 (Micronal), after hematoxylin counterstaining. (A) EDI, (B) ED2, and (C) estimated ED1+/ED2- 
population (calculated from EDI and ED2 data). Triangles: T3 treated animals, circles: control animals; 
open symbols were employed for GdCU treated animals in each group. Values in the figures arc means 
±SD; 6 rats/group. *p < 0.05. Statistical differences between control and hyperthyroid groups were ana- 
lyzed by ANOVA followed by variance stabilization by the Box-Cox procedure. 
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membrane components between these compartments, since plasma membrane 
recycling is an important aspect of phagocytosis (Damoiseaux et al., 1994). ED2 
antibody recognizes a membrane antigen of resident macrophages in rats. This 
antibody is largely used to identify Kupffer cells (Dijkstra et al., 1985; Yamate et al., 
2001; Ide et al., 2002) and it is specific for resident macrophages. 

Two main Kupffer cell subpopulations are distinguishable by the combined use of 
EDI and ED2 antibodies. These subpopulations present slightly different morphol- 
ogy, but distinct anatomical distribution and functional characteristics (Armbrust 
and Ramadori, 1996; Sato et al., 1998; Yamate et al., 1999). One population of small 
EDI -positive cells is present around the portal triad and centrilobular veins. This 
population is described in the literature as "small Kupffer cells", "local Kupffer cell 
precursors", or just taken as the less mature members of the liver macrophage pop- 
ulation collectively called "Kupffer cells". Small Kupffer cells are usually not labeled 
by ED2 antibody. Another population, constituted by large EDI and ED2-positive 
macrophages, is placed along the sinusoids. These cells are described as mature he- 
patic tissue macrophages, often associated to the name "large Kupffer cells" or simply 
"Kupffer cells" (Armbrust and Ramadori, 1996; Sato et al., 1998; Yamate et al., 
1999). Both EDI and ED2 labeling increase in the liver of hyperthyroid animals (Fig. 
2). However, this increment is more pronounced in the ED1+/ED2- subpopulation 
than in ED1+/ED2+ cells, indicating that T 3 -induced Kupffer cell hyperplasia causes a 
shift on liver macrophage population phenotype, leaning towards younger cell types. 

The sinusoidal environment itself stimulates local proliferation of macrophage 
precursor mononuclear cells and their differentiation into Kupffer cells (Armbrust 
and Ramadori, 1996). However, increased Kupffer cell turnover rates modify sinu- 
soidal environment and such shift on liver macrophage population in T 3 -treated 
animals may add to a pro-inflammatory condition. For instance, recently migrated 
monocytes are probably activated during their passage through the vascular wall, 
producing reactive species (Decker, 1997). 

Furthermore, Kupffer cell hyperplasia implies functional effects that may depend 
on cell activation. The silent clearance of inflammation promoters, carried out 
mainly by macrophages, is an anti-inflammatory action (Witmer-Pack et al., 1993). 
Regardless great phagocytic capacity, steady state Kupffer cells present small pro- 
duction of oxygen and nitrogen reactive species and low expression of class II his- 
tocompatibility receptors (MHC) (Bowens et al, 1992; Armbrust and Ramadori, 
1996). They can, however, trigger inflammatory response, including antigen pre- 
sentation (Naito et al., 1997). 



5. Concluding remarks 

Kupffer cell activation results in mononuclear cell recruitment from circula- 
tion, receptor expression, and the secretion of several molecules, such as enzymes, 
eicosanoids, PAF, cytokines, complement proteins, oxygen and nitrogen reactive 
species, and apolipoprotein E (Winwood and Arthur, 1998; Armbrust and Rama- 
dori, 1996). Sinusoidal endothelium and Ito cells respond to factors released by 
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activated Kupffer cells, thus amplifying the spectrum of released substances during 
inflammation. This joint action triggers heat shock protein synthesis and liver 
regeneration responses, since some of the produced oxidizing agents, i.e. H 2 0 2 , can 
activate transcription factors (NF-kB, AP-1) and shift the balance between death 
signs and liver cell proliferation (Sen and Packer, 1996). In conclusion, Kupffer cell 
hyperplasia secondary to increased T 3 levels is a potentially pro-inflammatory event, 
which involves both the of Kupffer cell precursor population expansion, through 
circulating monocyte recruitment, and the differentiation of local Kupffer cell pre- 
cursors into mature liver macrophages. 

Acknowledgements 

The authors would like to thank for the inestimable help of Prof. Dr. Virginia 
B.C. Junqueira, from UNIFESP, Brazil. Supported by grants from FAPESP (97/ 
02335-5), Brazil, and from FONDECYT (1030499), Chile. SL and KASG were 
recipients of post-graduate fellowships from CNPq and from FAPESP (01/04379-7). 

References 

Armbrust, T., Ramadori, G., 1996. Functional characterization of two different Kupffer cell populations 

of normal rat liver. J. Hepatol. 25, 518-528. 
Bowens, L., De Bleser, P., Vanderkerken, K., Geerts, B., Wisse, E., 1992. Liver cell heterogeneity: 

functions of non-parenchymal cells. Enzyme 46, 155-168. 
Columbano, A., Shinosuka, H., 1996. Liver regeneration versus direct hyperplasia. FASEB J. 10, 1118- 

1128, 

Crofton, R.W., Diesselhoff den-Dulk, M.M.C, vanFurth, R., 1978. The origin, kinetics, and character- 
istics of the Kupffer cells in the normal steady-state. J. Exp. Med. 148, 1-17. 

Cutler, R.G., 1985. Peroxide-producing potential of tissues: inverse correlation with longevity of 
mammalian species. Proc. Natl. Acad. Sci. USA 87, 1620-1624. 

Damoiseaux, J.G., Dopp, E.A., Calame, W., Chao, D., MacPherson, G.G., Dijkstra, CD., 1994. Rat 
macrophage lysosomal membrane antigen recognized by monoclonal antibody EDI. Immunology 83, 
140-147. 

Decker, K., 1997. The response of liver macrophages to inflammatory stimulation. Keio J. Med. 47, 1-9. 
Del Monte, U., 2001. Thyroid hormones, acute iron overload and the pathogenesis of cloudy swelling. 
Redox Rep. 6, 73-75. 

Dijkstra, CD., Dopp, E.A., Joling, P., Kraal, G., 1985. The heterogeneity of mononuclear phagocytes in 

lymphoid organs: distinct macrophage subpopulations in the rat recognized by monoclonal antibodies 

EDI, ED2, and ED3. Immunology 54, 589-599. 
Fernandez, V., Barrientos, X., Kipreos, K., Valenzuela, A., Videla, L.A., 1985. Superoxide radical 

generation, NADPH oxidase activity, and cytochrome P450 content of rat liver microsomal fractions 

in an experimental hyperthyroid state: relation to lipid peroxidation. Endocrinology 117, 496-501. 
Fernandez, V., Shimizu, K., Barros, S.B.M., Azzalis, L.A., Pimentel, R., Junqueira, V.B.C, 1991. Effects 

of hyperthyroidism in rat liver glutathione metabolism: related enzyme activities, efflux, and turnover. 

Endocrinology 129, 85-91. 
Haraguchi, K., Shimura, H., Lin, L., Endo, T., Onaya, T., 1996. Differentiation of rat preadipocytes is 

accompanied by expression of thyrotropin receptors. Endocrinology 137, 3200-3205. 
Hardonk, M.J., Dijkhuis, F.W.J., Hulstaert, C.E., Koudstaal, J., 1992. Heterogeneity of rat liver and 

spleen macrophages in gadolinium chloride elimination and repopulation. J. Leukoc. Biol. 52, 296- 

302. 



190 



L.F. Gomes et al / Molecular Aspects of Medicine 25 (2004) 183-190 



Ide, M., Yamate, J., Machida, Y., Nakanish, M., Kuwamura, M., Kotani, T., Sawamoto, O., 2002. 

Emergence of different macrophage populations in hepatic fibrosis following thioacetamide-induced 

acute hepatocyte injury in rats. J. Comp. Path. 128, 41-51. 
Ludgate, M., Baker, G., 2002. Unlocking the immunological mechanisms of orbital inflammation in 

thyroid eye disease. Clin. Exp. Immunol., 127,193-198. 
Naito, M., Hazegawa, G., Takahashi, K., 1997, Development, differentiation, and maturation of Kupffer 

cells. Microsc. Res. Tech. 39, 350-364. 
Sato, T., Yamamoto, H., Sasaki, C., Wake, K., 1998. Maturation of rat dendritic cells during intrahepatic 

translocation evaluated using monoclonal antibodies and electron microscopy. Cell Tissue Res. 294, 

503-514. 

Sen, C.K., Packer, L., 1996. Antioxidant and redox regulation of gene transcription. FASEB J. 10, 702- 
709. 

Takezawa, R., Watanabe, Y., Akaike, T., 1995. Direct evidence of Macrophage differentiation from bone 

marrow cells in the liver: a possible origin of Kupffer cells. J. Biochem. 1 18, 1175-1183. 
Tapia, G., Conejo, P., Fernandez, V., Videla, L.A., 1999. Protein oxidation in thyroid hormone-induced 

liver oxidative stress: relation to lipid peroxidation. Toxicol Lett. 106, 209-214. 
Tapia, G., Pepper, I., Smok, G., Videla, L.A., 1997. Kupffer cell function in thyroid hormone-induced 

liver oxidative stress. Free Radic. Res. 26, 267-279. 
Torres, S., Diaz, B., Cabrera, J., Dfaz-Chico, J., Diaz-Chico, B., Lopez-Guerra, A., 1999. Thyroid 

hormone regulation of rat hepatocyte proliferation and polyploidization. Am. J. Physiol. 276, G155- 

G163. 

Videla, L.A., 2000. Energy metabolism, thyroid calorigenesis, and oxidative stress: functional and 

cytotoxic consequences. Red. Rep. 5, 265-275. 
Videla, L.A., Smok, G., Troncoso, P., Simon, K.A., Junqueira, V.B.C., Fernandez, V., 1995. Influence of 

hyperthyroidism on lindane-induced hepatotoxicity in the rat. Biochem. Pharmacol. 50, 1557-1565. 
Winwood, P.J., Arthur, M.J.P., 1998. Kupffer cells and endothelial cells. In: Strain, A., Diehl, A.M. (Eds.), 

Liver Growth and Repair. Chapman & Hall, London, pp. 482-511. 
Witmer-Pack, M., Crowley, M.T., Inaba, K., Steinman, R.M., 1993. Macrophages, but not dendritic cells, 

accumulate colloidal carbon following administration in situ. J. Cell Sci. 105, 965-970. 
Yamate, J., Kumagai, D., Tsujino, K., Nakatsuji, S., Kuwamura, M., Kotani, T., Sakuma, S., LaMarre, 

J., 1999. Macrophage populations and apoptotic cells in the liver before spontaneous hepatitis in Long- 
Evans cinnamon (LEC) rats. J. Comp. Path. 120, 333-346. 
Yamate, J., Maeda, M., Tsukamoto, Y., Benn, S.J., Laithwaite, J.E., Allan, A., Kannan, Y., Ide, M., 

Kuwamura, M., Kotani, T., Sakuma, S., LaMarre, J., 2001. Macrophage-like cell line (HS-P) from a 

rat histiocytic sarcoma. J. Comp. Path. 124, 183-191. 



EXHIBIT 3 

U.S. Serial No. 09/991,583 
Rein M. J. Hoedemakers et 
al., Hematology, 1994, 
19:666-73 



Proliferation of Rat Liver Macrophages In Vitro: Influence of 

Hemopoietic Growth Factors 

Rein M.J. Hoed3^make«s. Gbrwt l. bchbrpiiop -and Toos Daimen 

Groninscn Institute for 0W Studies Laboratory of Physiological Cfwntitry* State University Groniwen, 9712 KZ 



We examined the effects of several hemopoietic 
growth factors on proliferation of rat Irver macro- 
phages fn Vitro* The proliferative response of liver 
raicrophage* to he^opoie«c--growtK-ffictorfl wais as- 
sayed on the basis of [metiayj -WhymWm.e opiate. 
Macrophage oolony-fltiniulatin^ factor and recom- 
binant murine f^nJoeyta-macrophage eolony-stimu^ 
lating factor stimulated t>nethyl-»H]thywiaine incor- 
poration in a concentration-dependent manner. With 
grannlm^Tnacraphage colony-etimnlatlng faoto^t 
maximum Incorporation was observed at 50 U/ml t 
whereas wjth macrophage calony-sfcimnlafclng factor 
no incorporation plateau was observed np to 50% 
t92d-conditioned medium. Incubation of liver macro- 
phages with various concentration*? of recombinant 
human interleukm-2, recombinant murine interim- 
lrin-3 cmd recombinant human intcrloukin^ or culture 
medium alone did no* rcsnlt in significant mcorpo- 
ration of twethyl-»HJrttymldinc- When liver macro- 
phages were fractionated according to ceU biscc, highest 
incorporation was observed in the large macrophages. 
Proliferating <seBe-in cultures of aJl-SDbfrnctions.were 
microscopically identified ae typical macrophafies by 
thense of macrophage-specinc monoclonal antibodies. 
After 6 days in culture, these macrophages had func- 
tional properties similar to those of rodent Hver 
macrophages; with respect to phagocytosis find in vUro 
activation with immnnomodulatore to tumorcytotos- 
icity and secretion of nitric mride and tumor necro- 
sis factors These results suggest that macrophage 
colony^timatati^g facto* and grannlocy^a^o- 
phage colony-Htimnlating factor play important WCf 
among the regulatory factor* that support 1<^V P™" 
Uf oration of tat liver macrophages (HEMATOLOGY 1904; 
l9iRftfHft4>) 

The mononuclear phagocyte or macrophage ha« lonp; 
been recognised e« a key cell in Lhe raumrnahan bout 
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defense system. It plays an important role in host 
immune responses to infection and neoplastic dieeaflue 
and is a major source of inflammatory and growth. 
Jflled-eylaJ!^ The mfterophaimB.Jif the livftr,. . 

QRup ffer cells^ represent the largest population of fixed 
OTTOnucIctir phagocytes in the body (61. The origin and 
proliferative capacity of liver macrophages under 
normal conditions is still subject to considerable debate. 
According to the concept of the mononuclear phagocyte 
system* resident macrophages are thought tn bo derived 
from blood monocytes and are short-lived, terminally 
differentiated celLa with little capacity to prouferate 
(7-9)* Others, however, maintain the view that resident 
liver macrophages can proliferate locally and survive by 
self-renewal (6). 

Although local proliferation of.roBldent u V er macro- 
phages has been shown to be an important component in 
maintenance and expansion of the liver macrophage 
population (10-13), little is known about the factors 
involved in multiplication of these cgUh. Several cyto- 
^jfc-Bdudmg macro"phflge colony^imulating factor 
(M-CSF or CSF-1), granulocyte-macrophage colony- 
stimulating factor (GM-CSF), interleuIdn-2 (IL-2), to- 
terleukln-3 {lh*B) and interleuWn-6 (14- 
21) -have been shown to induce proliferation of macro- 
phages or their precursors in bone marrow and various 
other organs, both in vitro and in vivo. It Is now clear 
that a hierarchy of hemopoietic growth factors actmtf 
during different stages of macropba^ differentiation 
erigjs (14, 22), 

f The. liver macrophage population i« » heterofl&neoMS 
population ufceJJs; JhftdroncBs m JuncUoM ohuracter* 
iSac^subpnpulttLions of liver marwphRgeH, dJPfermg 
to cell siJ!0 f have been ohsnrvwl with respect to phago- 
cytic capacity, lyfiosomal en»yme activity, min6io tw- 
monytotwcleay, tumor necrosis fad^r-a (TNF-rt ) »> 
cretion, I3W giicretion and their localisation In the Mvor 
acinus (23-26). Differences in cell alae jjresumably Teflect. 
the deprcc of dlflerentiation of th« cells* 
^GTthis report, we describe the effects of several 
hemopoietic growth factors on proliferation of rat hver 
macrophages in vitro. The proliferative capacity v/eB 
determined for the whole liver macrophage population 
and for subclasses of liver macrophage differing m cell 
size AdditionaJJy, difTerent effector [Unctipns of W 
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roljferatetl mturophages were determined; phagocytic 
Spaclty de'^ 1 * 1 " 6 *' on th© basis of uptake of latex 
Zgrtidts, ond cytotoxic properties were determined on 
{he basis of in vt/ro activation to tumor cytotoxicity and 
induction of serration of nitric oxide (NO) and TNF-a, 

MATERIALS AND METHODS 

• Mima*** Malt Wojl*/RU rata (TNO, RUroflk, The Nether. 
I Intids), JO to 12 wk old and weighing 180 to 220 frm, were used, 
' fjioyweraj^ven Moratory 

DroW )Cols were unproved by the l&thical Committee of the 

mrlrfluniversitoit i»r Growingon. 
Culture Medium. Cells were cultured in RPMMG40 (Gibco 
' Laboratories, Grand Jaiand, NY) supplemented with 2 mmo)/L 
I i^utemine (Flovv Laboratories, Irvine, CA) t penicillin Q (100 
1 Uftnft streptomycin (100 (Ag/mt) (both from Gi«i>Brocades, 

* pclfl, The Netherlands) end 10% heat-inactivated FCS (Glbon 
! laboratories). 

nm#ttTxt«, Murymy! dipoptfde (MDP) was ti generous gift of 
Cfta-Gcifly (Basei, Switzerland), Lipopolysaccharido B from 

" 'jfcK^tfft' tolf TO3tt!BS"ttMT was pCn^nsed" rrbih DitcO 
Laboratories (Detroit, Ml). IMethy^Hlthymidine (pHldThd; 
dpecific activity 5 t Ji/mmol) was from Amerflham International 
(LitUe Chalforit, lUickinghamehiro, UK), Monoclonal anti- 
bodies EDI end ED2, reoojnnaing rat macrophages (27), were 
(jarterous gift*! of* Dr. CD. DUItstr* (Free University of 
Amsterdam). MThe wnti-BrdUrd monoclonal antibody MoBu-1 

' (28) was a ui'nenws gift of Dr. L. de Ley (University of 
Orpningon). &rvroodeo*yurid)ne (JJrdUrd) waa from Serve 
(HoWoloerg, i.Vrninny), 

Grauith totvim-M. Jlticombinant mouse GM*CSP (specific 
artivily 1 x Id* U/mg), recombinant human 3L-B (specific 
HethHiy 2 x !()** Tl/mj;) and recombinant mouse TNF-« (spe- 
cific activity 0 x H) w U/mg) were all purchased from Boch- 
rlnger (Mnr>nheiin, Germany), Hacombinant: human 1L-2 
(Kpedfic activity (8 x 10" UAag) was Jrom Burowtue BV 
(Leiden, Tim M«( norlands), and recombinant mouse IL-0 
{upodfie activity J x J0« U/mg) from Gonayme OJoflton.MA). ■ 
-L02daconditinrted 7TicdmrolW)29^1tf)va«ufi^ ^ 
G&JNL CM-CrW) { J Ji). The hwube L929 cet) )Joe was cultured ae 
a confluent irionoioyer Tor 4 daya in culture medium. The 
supernatant was </nlJectcd and centrifuged lot 10 min at 600 g 
to remove irclls, ateriJe-nitorod through a 0,22-p.m filter 
(MDlipore (Jurp,, Iwdford, MA) and frozen in ftuifcnhle oliquote 
nt -20° C utitH luic, 

'hamr Ml (X ttnm. C28 colon ndnnocarcinoma cells, 
Syngeneic wilJi B A I S/c mice, were grown in culture modium at 
87* C in e luimidtnod at.moflpl^ore with 5% CO a in air. 
Isolation afSUtt Umr Mwmpfut^it, JUit Hvflr .inacrophetfes 
kolofc'tl hy Meann ofpronw^ digestion of tlie liver as 
ricftcribed herorfi *;.WJ. 'JTie livm* was perAmwd first witb Gfty'n 
Nai^eod m\l Bob>\\m (GBSW) to remove bhtod and then for $ 
to fi min w»i.h 07 fA pronhso. The liver was removed, cut in 
ma)} piecefi nnd i jici,il>«tGri Ajr 4B min at 37" 0 i n the presence 
f»rDNa«e ((( f ^ nl). Subiwsqucnt i»wjRf.lon procedures were 
performed ni 4 C C. The rail suapenKion waa wt«BliPkd nnco, and 
tjonpnronoli.vmnl r^lls wery gtsparated Prom nonviable piiren- 
^ytnal cell; and lttmninin^ erythrocytes by moans of centrir- 
»mation on n Nycoden? (Nycomed, Oslo, Norw«y) jgrodiont for 
l £fnin at J ,600 xf. The lop iayoii containing the jnonparen- 
wjymol celln, was wanhod once and reauAperidod in 5 ml of 
wBSScontniningDNase. The nonparenohymal cell ev^jpension 
\vaa fluahoti into mh eltitriation rotor (type J15-6 clutriation 
fotor; Bechmao Instrument*, Palo Alto, OA) at 4" O with a flow 
| T>taof23.(» oxl/min und a rotor *pecd of 2,500 rpm. At this flow 



rate, lymphocytes, including natural Idller celle, ft»d ©ndo» 
thelial cells were fluahed out in 250 ml of GBBS. The 
macrophages were collected at aflowrateof46.5ml/min in 150 . 
ml of GBSS, concentrated by maann of ccntrifugatlM At 700 g 
for 10 min and resuepended in culture medium. In eome 
experiment the total maaropliage population was separated 
into four Hubfraotions, Th* four aubfraction^ (Athrouffh D) of 
liver macrophages collected m 10O-znt qoentittes eadi at 
flow rates of (A) 25, (B) 30. (C) 36 and (D) 46.6 ml/min, At least 
90^ of the isolated colls were judged to be macrophages on the 
baais of structure and nonspecific esterase staining. 

Proliferation A**ay. Incorporation of L"H]dThd was used 
to aasesB call proliferation. Liver macropha^efi (4 x 10 H 
cellaAvell), dietribvl^d onto 96-wq]] flat-bottomed tjsBue 
culture plates, were incubated in 200 p.1 of culture medium 
with or without growth factors at C in 5% COu and air- 
After various periods of incubation, q.6 ^Ci of [ B UJdThd waa 
added to the wells, aad the cells ware incubated for another 20 
hr. OellB were harvested on glass-fiber filters with a semiau- 
tomatic cell hamster, and l*HldThd incorporated in cellular 
DNA was counted >p 2 ml of BcinWlatlop_polution. 

macrophages (4 x 10% plated onf,o atf-well platefl r were 
incubated in 200 of culture medium with CSF-1 (20% 
L929-CM), GM-CSF (50 U/ml) or medium for different time 
period*. BrdUrd (10 umol/L) was added to each well, and cells 
were incubated far an additional 20 to #4 hr. Cells wore 
removed fay mennfi of incubation with 0.03 mol/L .SDTA and 
wa&hed with PBS. The resulting" <tel) euapension was ceotri- 
fueed in a cytocentrifugo. The elide glass was dried and fixed 
with acetone for 10 wjd, dried again and etored at -20° C 
Within 3 wk, the nhdes were subjected to immunohis- 
tochemical BiwuiinffwithtiiooocJonal antibodies BD1 and ED2, 
in combinetion with dou Weataininff with MoBu-l ? as described 
by Harms et a). (28). 

Macr*jph<rge-m<idiated CytolytU* Amy. Macrophage-medi- 
ated oytplysls waB asaeased with a radioactivity release aBBay 
described previously (29). Isolated jiver n^crophoges were 
grown in culture flasko in culture medium contairiing CSF-1 
-(20% X929-OM) 0f"GW^C5F (60-U/»fil)r Aftet B -daysi -the 
medium wp ft discarded and the cells were removed by means of 
addition of 0,03 tooVL EOTAand washed twice intfBS. Then, 
% x 10* macrophagefi/well we t« seeded onto 96-well plates and 
incubated in culture medium with or without immtinomodu- 
Jatora ( together with 10 4 PH]dThd-labeled G26 ftdenocar- 
dnoma tumor uella (macrophajye/bu mnr cell ratio, 20; 1), 
Radiolabeled tumor celb waro also plated alone an n control for 
spontaneous release of label from the tumor cells. After 46 hr 
of coculhiro, thosupernntantr. were collected, and radioactivity 
was measured in a liquid scintillation counter. W© determined 
totn) radioactivity rdrlod per wall by mGosuringradioACtlvlly of 
10* tumor crdls in 60 ft) of medium iru>ed witli 25 uJ of ^.0% 
8DS, QytolysiH v/aR caJculfli^d ok follovni: 



% CftLoJyaiB > 



c - o 



in which a is disintegrations per minute in the supernatant "f 
tumor cell? coculturedwith tcstmocronbia^a, ^/ifi disintegra- 
tions per mlnufce in the supernatant of tumor collfl cultured 
alone and c is disintegrations per minute in the Ivot.al amount 
of tumor cells added per well. 

Determination of NO ettcrathtu Nitrite content, Becreted 
into the medium during a 24-br period after activation, wrk 
detormined en a measure of total NO production nieanB of 
the microplate asBay motliod of Dinjj et d|. ($0). Brieflyi 100 uj 
samples warn incubated wi*^ an equal volume ot Griess 
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CONCENTRATION U/ml rmGM-CSF) 

Kio, 1. KfTnct or concentration of fa) U$K4 and (f>) GM-Ct5F op tbo 
incorporation Hn» 
exprcswsd "nil moan county par minute ± fUG.M. of one repraBentativo 
cxparimontj they wore obtained .in dnaerihed in the laRpnd orTnblo 1. 



readout (1% euttanilenddc. 0J% naphthylcthylonodiamirio 
dihydrochloridc, 2.5% H^PO^) flt room temperature for 10 
min. Absorbance ab 55Q nm was measured with a micropJate 
reader. The nitrite concentration wna determined with a 
sodium nitrite standard curve. AH roajionts wore purchased 
from Sijrmn Chemical Co. ^ , * 

JMemmtfonofTW*<r8*<iri!ttj(>7h. TNF-oi, secreted into the 
medium duringa 24-hr period after active Lion, whh determined 
with lhpL928-lyirt«aiiBay (83). Briefly, 4 x 10* WMcoJIbwb 
Grown in 96-welJ Myt-bottrimnd micvotiter plntoe in the 
Itrejienco of 1 pfiM flctinomycin U CSifftnw Chemlcol Co.) and 
ciorial twofold dilution* of to$t sampler; in a tolal of 200 (i) 
voluma. Alter 18 hr of inwjbefclon el 37" 0, 26 |i.l of 
fftataraldohyde (25% vol/vol; Sigma Chemical Co.) was added to 
the wells Cor fixation or wile attached to the plastic. After 16 
min, the fmparnfltaut was discarded and the plates wore rinsed 
with tap water. Subset entfy, oelle were stained with 0.05% 
methyl blue (in aqua dest) for 20 min. Alter repeated 
washing of the plates, the adherent ocDm were dissolved in 0.33 
N HCl in aqua dost, and the absorbance waa determined 
spoctrophotDmefcricaJJy at 620 nm withe rnicropl*te reader. A 
standard curve with rocombmant mouee TNI p -« wae included 



Tabijc 1. Effect of hemopoietic ffrnwth factors on 
proliferation of rot liver macrophages in vitro 



Incorporation of 

n H-dThfl (nrtnntfl 

per ntlnuta) 



Medium 

CSM «09tl»OT9"OM) 
Recombinant murine GM-CSF 
(50 U/ml) 

(U/ndi 
3 

10 

JQ0 

500 

Rftcomhinftnt murine U*-ft 
(U/ml) 
1 

10 
100 

2f>Q- " " 

Recombinant human llr-8 

(IVmU 
1 

10 

100 

1,000 



2.0B0 J. 61 a" 
J MAO ± 5,240* 
:t 1,19)" 



^ t 127 n- 683 
£ 1,108 



2,108 ± 707 
1,988 3. 686 
2,03ft ± 708 
1,982 ±-7G5 



1.76B 4 493 
1,752 ± 428 
2,004 * $60 
1,618 * 472 



A total fit 4 X 10 4 liver muerophnRtts/wttll wen* mcubnted with or 
without varlmiR e<mcflntret!on$ of hemopoietic growth factors for 6 
duyw. Twenty hour? before the terminotioii of culture, 0.8 jxCi of 
"MdThd w«fl oddod to ouch well. 

"Data expresaqd es the menn counts per minuk ^ 8.J5.M. of three 
IndBpfiridoTrtcactTcriinonts performed In triplicate. 

*p < O.0f> vh medium alttnu. 



with each tuway . TNfP vnita are the reciprocal of a supernatant 
WBlng of L929-collc;. - - — - 

BtafisttcaX AnnlysU. l>*te were analysed etafciHticaOy with 
Students t test (unpairod). Differences between samples were 
considered eiffniflcant. when p was lesa than 0.06, 

RESULTS 

Snfifm Proliferation of Rat Idver Macrophage*. Rot 
Jivor Tttatrophages (d « 10*/well) were cultured in 
96-woll flfti>bfitfcomQd tissue culture plates in the ab- 
son cp or preftfcrtee c»r a nturibfcr of hepiopoietJc growth 
faci^rs for 6 day* and examined for [ a I-IJdTbd incorpo- 
ration. The remits are ehown in Tabhi 1. Liver mxicro- 
phyffftfl incubated wit h mnriinm nr vnnmia conenritra- 
ticms oi 1 njcomblnant human IL-2 ' II to 51)0 U/jntJ, 
recombijaaiit murbc IIr3 {1 to 250 U/jd)) or rocoxn- 
binant human (1 to 1,000 U/n>l), rjid not ^how 
s»rnificant l«vals of [ rt H]dThd incorparatiop . However, 
w^ben livor macropaag^ wttre ibcubaied wlft recom- 
binant murioe GM-CSF W0 U/ml) or CJSF^l (20% 
L929-OM), high leve)e of F^HJdTbd incorporation waro 
observed. The tacreaee in [ s HJdThd incorporation V7iti) 
GM-CSF and OSF-1 was dose depecdent dFJff . la and h). 
Maximurn incorporation in tho presjentto of GM-CSF waa 
Been, at 50 U/roJ; hifibor oorjcentrationis of GM-CSF 
yielded less incorporation of p^dThd, For CSF-1, a 
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o i n RMdThd incorporation was seen 
lual concentnitionfi; no maximum was *■ 

■^255^' i^u 5ncrcB« n& ^f!, , u)11 rHnffe ufied in this study (1% 

SSfrW ^0* W^? M ]' J? 1 1 ! 1250 U/ml) and D>6 because 
J ^^\^fimbinat)onsof '^^J ^ ^ Btem6 that in the 

l^r^^^^ develop*-!: and 
ftfflr*n& • rf .^ wMch il. ta Incapable of producing^ 

• riff l S^lshowsi^ m "" 1 iis,rf.K«™ u rB. combinaiaoBB 




;.*.{. monol^ ond OM-CSP during culm 
^.*r*^*r S» rtowth JTactore immediately i 



428 
5B3 
172 

mm for ^ 

-0 ltd at ; 



tfrtntant ' 

illy will), 
ilea were ■ 



p*8, M 
ired in 
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ncorpo- 
miicro- 
iconi.ro- 
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.« „ m »vfll oT n 2Lj5tali (data not shown . 

• * JTCSSS^ H«rt Identic the aflb obtomed 

* ~i?i££+inn iii this presence of OM-OSF and 
'. Si^SSSm IvnmUhi^tochoTnical staining 
2 ' floSfi? antibodies. Monoclonal an- 

• SMSl *2.i«d » * floral marker ^ 

l ^,Ju recntmis'i* the majority of macrophages 

IsiL&v ED2, which rocogntees a dlfferentmtton a»- 

SS»taB (27), was uned as a marker for the more 
SSSSfad residehl macrophages, Monodond I an- 
Bytobu-1 rteognl*" BrdUrd incorporated into &o 
DNA of proliferating cnUs and was therefore used aa a 
mnrker for proliferating cpUa (28). , - 

Macrophages wero incubated with or without CSF-1 
. AlAcS) or GM-CSF (50 U/ml) for 3 and 5 days 
1 mxI Bilked with BwlUrd for the ^JL!L^ 
for got 1 liver miim i uhu^ i \^ " l £? t £Z 

^. ^flndTtor^aTOMncu ba tion for 5 days with OSJf-J. 

MIM in control groups is highor than expected. J, ma 
: may be a result of f!SF-J production by the isolated 
; inacrophaBes, which muy on atigbtiy activated as a result 
! nr tile isolation procedure. Thii preEonco of 

rroducltiE fibroblast*; nx contaminating cells if. rather 
- unlikely; no fibroMaNU \vere observed alter several days 
oT culture. After C dm <>J' culture most of the cells 
Srownin the presence of CSF-J or QM-CE5F had jdehttca) 
Aaracteri^ttc atmctnrtt on cytospots; large cells with on 
indented excentric nucloiiB and abundant, highly vaou- 
tlated cytoplaem and a small percentage of celte con- 
Wning mul«plo nudui. OccasionaUy, mitotic figures 
«ere observed afi>v rtnining ' with May-GrunwaiiJ- 



A 5 6 
INCUBATION Ways) 

ifavef«i tocrtbed In M B teri«lB and Method,, alter dlfftrt« tl»n« 
lj2^t«S&aMh«TO<P < 0.05)l»twwaC^-lanaOM-OSP. 



n:„ m « fw„ 4a) More than 95% of ail oetts stained 

oSSSed for ED2, variable inttn^ily (F^uro 
Macrophage proliferation ie evidenced by incorporation 
S&idinDNAof EDl-poBitive calk (Fig. 4b, am,*). 
To determno whether the, prated nxacroph^es 
wore phagocytic, we added latex ^este^o^ 
Nearly BflceTlB conducted pbagocytoaifl ^ ^^™g 
fFitf 4d) the8eresultarule»uiaepoaBibui^thatBinall 
SulXn^Sntaminattog^ 
^fes endothelial cella and fihroblaatB^-were acWy 
Droliforating jn our culture system and poasiHy infiu- 
SgXdataonpHJdThdtaMrpomtion. 

Stox* Pr»P*rtU S of Prvlifttratb* CeU»- ^ these 
JScnl, we determined different cytotoxic param- 

raacrophafieB were cultured in the presence of GM-CSF 
SofflSr ■ (20% WZ9-CM). After 6 days. caQB 
KSed frorn th, culture flasks «d aeeded in 
qSSril places (2 x 10 rt /we)D together with prt>)aheled 
£ T X adenocarclnoine , tumor calls ^arioue 
activation stimuli. After a 48-hr cocidture period maoro- 
K-miiated cytotoxioitv was > • £ •Jg' 

mniironhaces to secrete TNF-a and NU m 
^Ktt si^uli be^xse those age^ are 
fhmiffht to play an important role in cell tailing by 
Sud ™erbpKseM32). Uver macrophages incu ; 
hSdtr rSSfwB GM-CSF or OSP-l,^™"* 
cytotoxic toward 026 adenocarcinoma tumor cells whom 

SaSn culture me^^^^n 8 ?^ 
(Table 8). At the same time, no productaon of NO or TOT 
could be detected, indicating that the proMeratrag 
^opb^ were'not in> -^fB^TSS' 
when macrophages were bcubated with MDP or LPS, 
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strong induction of Uonnricidal activity whk observed, 
tagcsthar wiLh nn increase in tiie nwnml of accreted NO 
and TNFht. ThuHO rnmiltfi Indicates that liver trmcro- 
phflgOH, after proliferation under control off{M-Gf3F or 
OSP-I aUll hovn iho ability to ho activated Uj display 
cytotoxic prnporfcioa. Intubation of Iho macrophages 
with CSF-J nr GM-CHF did not rwult In actfvoticwi Ui 
tumor e^oUixiiuty or NO/TNJ p -" unmilion, 

JS^feo*/; of CKJM and (M-VSIF on Proliferation of 
Sitbrraclwrm of Liver Mnwopfwlw Our Jindings raiwid 
Uie question of whfllhcr uJl or on)y a fraction "ol the liver 
macropbstfow urn responsive to CH1M or UM-CSK io 
investigate thin, we separated th« macrophage popu- 
lation into four subfrantions according to cell sra, which 
wore tested for proliferative capacity during incubation 
with OSF-1 (20% L929-CM;) or QM-CSP (BO U/mi), The 
results indicate that all four fractions were reappnaivo to 
CSP-1 or GM-CSF but that subfruetionH cuntoningthe 
medium and largo macrophages (fractions C and D) had 



tf*«ater potential to proliferate in response to either 
factor than did the Rmatl mAcixphaflW (fractions A and 
U) {Kig. 5). After 6 day* i» culture in tho presence ol 
nithar tfiwth factor, eel Ik from all ^fractions dl* 
played h-tvuc.turo aipiil^r Ui lb al dcacrihod Above for the 
whole liver macrophage population (not whown). 

DISCUSSION 

J.iver macrophages aB wul] aB ot.hnr tissue mftcro- 
phiiRY^ are Often con&fclcrcd terminally differentiae 
vti\i ctorived from blood moji£^V ^ J** 1 * f j8 2- 
oapp^lyj^ Wowctot, seveml studio* 

BUEgnftt tUStlivor macrophages can proliferate ioca)»y 
and survive hv Balf-renewal (6, 10 ). Mouse liver macro- 
nh5i?5ri^^t^ shown U) prom'erota in Mt™™£Z 
praaencn or glucnn (88) or L929-CM (34, 35), Our 
rwilU, oblaitt«H with rat Jivcr macropbagoe, « B ^" 
sialcnt with Uxm daUi. In this study, we »ctmdtnw 
nbacrvallona by demonstrating that nut only L9z3-om 
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4. Clwinictw -AuWnn nf rot, tlwr mmwhi 
vmroHlninci * "* " " J ' ' 
tomwu dannl 
nf Inline p«rt. 



_ _J. ^dljl ? .ton LnnUL nttrito) W*r tworoMon (I I/I0« mUr)_ 



Cut Li 1 1 <• <vmtflUnn 



NO flo«r«litttt (jumnVL nitrite) 
'7isV-J fiM-CBV 



CBIM 



M&dlmii 

LPS Men »f$tanl< 



ia.rv* 
aV.2 
r*7.n* 



14,1 
JW.IS'' 

11 Ji 
K>.2 



21. r 

H.7 



H.7 
4J.0 f 

2.0 
AH 



0 

4H.CT 

0 
0 



0 

lfi.0 

8H.ir 

0 
0 



-f nitriU.- ( !t , « nwun oT NO) «* WC- Into thn morilum, wn ftdtn.in0n « *wrlh0» <n Mutant «nd Mclhttta. 
"Data ei pmml »- U>0 "«un of thrns indtpmubml. eepoi-imontH. / 
V< 0,(11 vn. medium, 
'p < 0.1'n vu. lTindinm. 
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(M-CSF or CSF-1) but also GM-CBF, which boars no 
structural similarity to CSF-1, stimulates tho prolif- 
eration of rat liver macrophage In viUxu Theae results 
are compilable to oorlior reports on macrophage 
isolated from other #ource$: Alveolar macrophages (17, 
peritoneal exudate macrophages (97), blood mono- 
cyte* (19) and bone morrow-derived maurophnj^ (19, 
22) have all boon Known to proliferate in vitro on 
incubation with CSV-I or GM-CSF, In contrast, 
1I/-S and IL-tt, which induce proliferation of macro- 
phngos or tholi' precursors in bone morrow and various 
other organs, did not stimulate livor macrophage pro- 
liferation in oiirtu Additionally, combination of ILwi 
and IL-6, which has baon shown in hemopoietic 
systems to cause colony development and ceil matu- 
ration did not result in induction of proliferation. 
Because it has been sbown that there is a hierarchy 
of hemopoietic growth factors acting during different 
stages of macrophage differentiation (14, 22), the re- 
sults described in this study SUgtfeat that livor mac- 



rophuges, capable of proliferating in these experiment 
represent cell types that arc in a .differentiated sub 
and differ from immature macrophage procurer ec)i . 
which were described previously (21), This iu j h n *« 
with our observation that rat liver macrophage 
hctoroceneoxui in their response to CSF-1 and GM-CKf 
to proliferate in vitro (i.e., lortfa macrophages nnV(l 
higher proliferative capacity thnn small ro&crophn^ 
in response to cither growth factor). It ha* bo t!h 
speculated that difference in cftll si«e, within u $vun 
macrophage population, may be a reflection 0 f K \^ m 
foronec in maturation lovol. h\ addition, it has | U tcn 
observed that the number of M-CSF receptor* \ l}m 
creases with cell maturation (11,). Thje would be corn- 
patible with our obBarvations on hetcrogeneitd' in 
growth factor response and suggests (bat the increaw* 
in f ,1 HJdThd incorporation is due l.o prolUeration of the 
moet differonUated liver macrophnges. Uecontly 
- iTiamnni nt nt; -tflfl) d^cribod comparable- Tegults -with 
iHolated human monocyteH. Medium and large moon- 
cytes diBplEryed stronger prolifenrtivr- response ti> 
GM-QJSJ^ than did $mnll monocytes* In an attempt Lu 
identify Ibe celk capnble of proliferation^ we tried U) 
determine the number of colls capable of forming 
colonies in otiro. However, in our syBl^m, no colony 
formation could be observed with OSI r -l or GM-CSF 
in culturo pbte^ (tjnutinff dilution)* ho PI agor or mothyl 
colluloBo. Wo cannot oxplnin this pbenomonon, but it 
its potable thai the lack of colony formation in due Ui 
the difrerKntia^on stw^s of the livor inacniphacas. 

Afler culture for 6 days in tho presence of C8V-1 or 
GM-CSK all eelie in the four macrophage subfractionH 
tlieploy aimiUvr structure; they iippcu<r as large cell* 
with indented nuclei, strongly staining for KD1. This 
-iiusgoste thattbc macropha^snpt.<mly pro.liferaUj.hiii. ... 
also differontinUi. Purtbcrmore, prolif(tratmff liver muo 
rophat'es show function«l pronertieB similar to those 
of freshly isolated resident livor mjacrnphaj^es. Aftor (i 
days of incubation with CSF-1 or GM-OSF, more than 
95% uf all cells were able to carry oul phagocytosis of 
latex particles Additiotially, hi|jh levcin or cytotoxicity 
wore ostnbliflhcd with MDP and LPS, accompanied by 
induction of secretion of NO anrl TNl^-a. Daemei^ et 
al. hnve showj> that Itver macroplniceR cultured \\\ 
tho absence of CSF-J or GM-CSF gnulunlly loac their 
potential U> bfM«)mo »d,ivi.itwl to tumni cytotoxicity hy 
MD1 3 or LPS, ultimately (nfUir 3 or -I dayn) roBUltinU 
in a lliJly nt3itrasp*jnsivo population, 

Jn cwncluaion, our resuJtH indicutt,-. that and 
GM-CSF may j>lay important roies ami n i jj Lh*i rrifpj latory 
ffictore that wupport local prolilhmtion of jnwcn>phugeK 
in the livor, Because liver macmpha;/.' 1 ^ reside in close 
proximity to bopatocytes^ it is of irilurcat' Uiat these 
coll« oro recently shown to bo capnlilc of jjroducinff 
M-CSF in vitro (40). Wbether hapniooytca also con- 
stitute a Kourcc of M-CSF in uivo must Htitl be ad- 
di^asacL The posnihility of increasing the roaidenl Ijver 
macrophnffo population by way of {JM-CSF or CSFO 
may be an intorasiinfr subject for further nitiearch; an 
increaend liyer macrophage population may hti a physi- 
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• Context — Alcoholic liver disease in humans frequently 
leads to cirrhosis. Experimental models of hepatic fibro- 
genesis are available, but extrapolation of those findings to 
human ethanol-induced liver injury is difficult. Hepatic 
ethanol-induced fibrosis in humans has often been studied 
in relatively small patient populations. During the past de- 
cade, several animal models and human studies have at- 
tributed fibrogenesis in the liver to the role played by he- 
patocytes, Kupffer cells, endothelial cells, and especially 
stellate cells. 

Objective. — To determine the contribution of the main 
liver cell types to ethanol-induced fibrogenesis. For that 
purpose, we studied the expression of the following im- 
munologic parameters: smooth muscle-specific a actin 
(SMSA), CD68, CD34, transforming growth factor pi, in- 
tercellular adhesion molecule 1, and collagen types 1 and 
3. The Dako LSAB+ kit (peroxidase method) was used. 

Design. — We recently studied a large cohort of patients 
with alcoholic liver disease in France. In this cohort, we 
found 87 cases in which liver biopsies revealed only peri- 
central injury with nonpathologic portal areas. We com- 
pared cases in which the portal areas were nonpathologic 
with 324 patients in whom staging ranged from FO to F3. 
Patients with cirrhosis (F4) were excluded from evaluation. 
To stage fibrosis, we used the METAVIR system. Further- 
more, we selected 40 cases in which the biopsies measured 
at least 25 mm in length for further histochemical evalu- 
ation. Ten additional normal cases from our archives were 
used as controls. We divided this patient population into 



the following 5 groups of 10 patients each: group 1A, FO 
with steatosis; group 1 B, FO without steatosis; group 2, FO 
to F1, central injury; group 3, F3, fibrosis with multiple 
septa; and group 4, nonpathologic livers (controls). 

Results. — Smooth muscle-specific a actin was expressed 
by stellate cells, pericentrally, with increasing severity and 
intensity in the advanced stage of fibrosis of group 3, less 
intense expression was noted in group 2, and expression 
was practically absent in group 1 and in nonpathologic 
controls. CD68 was the best marker for Kupffer cells and 
was expressed diffusely within the lobules in all groups. Its 
expression correlated directly with the degree of disease 
severity, progressing from stage I through stage III, but was 
absent in nonpathologic livers. CD34 was consistently ex- 
pressed by endothelial cells in the periportal areas in all 
groups. The expression of collagen type 1 was intense in 
the bands of fibrosis or bridging, while type 3 expression 
was poor. Transforming growth factor pi and intercellular 
adhesion molecule 1 were not expressed in any group. 

Conclusions. — In this study, stellate cell activation 
(SMSA) was most intense pericentrally in the early stages 
and diffusely with progression to fibrosis and maximum 
intensity in stage III. Kupffer cell activation, as determined 
by CD68 expression, was intense and diffuse, while endo- 
thelial cells expressed CD34 periportally in a similar man- 
ner in all stages. Fibrogenesis in human ethanol injury is 
due to the activity of stellate cells, Kupffer cells, and to a 
lesser extent, to endothelial cells. 

(Arch Pathol Lab Med. 2004;128:1230-1238) 



Cirrhosis of the liver for many years was classified 
based on the amount of connective tissue present 
and the variable size of its nodularity. Based on these pa- 
rameters, the classic writers differentiated several forms of 
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cirrhosis using names reflecting the opinion of the inves- 
tigators concerning the etiology of any given case. Notable 
among these works were the reports of Mallory 1 and Gall. 2 
Concerning the problem of alcoholic liver disease (ALD), 
the end stage of this condition, initiaUy known as Laennec 
cirrhosis, was later renamed nutritional, micronodular, 
and portal cirrhosis. Mallory had already noted that sev- 



For editorial comment, see p 1212. 



eral stages characterized alcoholic liver injury, but the 
identification of acute alcoholic hepatitis as a particularly 
severe form of the disease preceding the stage of cirrhosis 
was, surprisingly enough, not sufficiently recognized until 
1961-1962 by Beckett et al. 34 Credit for the identification 
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of the perivenular nature of the early injury caused by 
ethanol should be given to Edmondson et al. 5 Finally, an 
International Group in 1981 categorized the clinicopatho- 
logic manifestations of ALD, 6 allowing sequential studies 
that led to the realization of the dismal prognosis of ALD 
in its various stages. 7 However, a thorough, detailed eval- 
uation of the various forms of early perivenular ethanol 
injury and fibrogenesis has not been undertaken. 

Recently, we had the opportunity to study a large pop- 
ulation of alcoholic patients in France. These patients had 
undergone needle liver biopsies shortly after admission 
and before any form of therapy was given. Clinicopatho- 
logic evaluation and the nature of the early perivenular 
lesions of necrosis and fibrosis were determined by his- 
tologic and immunologic means. The results of this eval- 
uation are reported here. 

MATERIALS AND METHODS 

The patient population was obtained from Antoine Beclere 
Hospital in Clamart, France. All patients had consumed ethanol 
daily for at least 1 year and many of them for many years. Mean 
alcohol consumption in this group consisted of 50 g of ethanol 
daily for 1 to several years, in contrast with the US criteria (80 
g/d for 1 or more years) for inclusion in the Veterans Affairs 
Cooperative Studies/ The following clinical and laboratory pa- 
rameters were evaluated in the present study: age; sex; amount 
of ethanol consumed daily; number of years of ethanol con- 
sumption; prothrombin time (PT); serum bilirubin, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), and y- 
glutamyltransferase (GGT) levels on admission or at the time of 
the biopsy; liver span in cm; splenomegaly; ascites; and esopha- 
geal varices. Only patients who were negative for hepatitis B vi- 
rus, hepatitis C virus, and human immunodeficiency virus were 
entered into the study. 

The liver biopsies were evaluated for fibrosis following the ME- 
TAVTR system, 6 with minor modifications to allow for the sepa- 
ration of those patients in whom the tissue revealed only peri- 
venular (central) injury (87 cases). Staging identified the follow- 
ing 5 general groups: group F0, 111 patients; group Fl, 122 pa- 
tients; group F2, 57 patients; group F3, 34 patients; and group 
F4, 179 patients. Of this total number of biopsies, in 37 cases the 
biopsies were considered inadequate for evaluation. A biopsy was 
considered inadequate if no liver tissue was found in the amount 
minimally necessary to establish a diagnosis with morphologic 
certainty. Patients with cirrhosis (F4) were excluded from this 
study. Thus, from this group, a population of 324 alcoholic pa- 
tients with early lesions (F0 to F3) and without cirrhosis was 
studied. An additional 87 patients whose biopsies were charac- 
terized only by pericentral injury with normal or minimal in- 
volvement of portal areas were included. Thus, the 324 patients 
included in this study were divided for the purposes of final 
evaluation into 3 categories: category 1 (F0), category 2 (central 
injury only), and category 3 (F3). 

For the immunologic evaluation of fibrogenesis, we selected 40 
cases. Ten nonpathologic livers from our archives were also in- 
vestigated as normal controls. For the evaluation of fibrogenesis 
(after a thorough search of commercial sources), the following 
markers were found to best serve our purpose and were selected 
for investigation: Kupffer cells, CD68; Stellate (Ito) cells, smooth 
muscle-specific a actin (SMSA); endothelial cells, CD34; collagen, 
type 1 and type 3; cytokines, transforming growth factor (3 (TGF- 
01), tumor necrosis factor a (TNF-a), and intercellular adhesion 
molecule 1 (ICAM-1). These markers were selected because pre- 
liminary results in our laboratory showed they were best ex- 
pressed in our control tissues and worked well in paraffin-em- 
bedded tissues, as advertised by the manufacturer. Thus, a total 
of 50 samples were divided into 5 groups, as follows: group 1A 
(F0), steatosis present in mild to moderate degree; group IB (F0), 
steatosis absent; group 2 (F0 to Fl), central injury; group 3 (F3), 
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fibrosis with multiple septa; and group 4, normal liver biopsies 
(controls). 

Morphology 

Histologic examination was performed on liver biopsies fixed 
in formalin and embedded in paraffin. All cases were routinely 
studied with hematoxylin-eosin, Masson trichrome stain for col- 
lagen type 1, reticulin stain in some instances, and iron stain. 
Immunoperoxidase for collagen type 3 was performed with a 
monoclonal antibody. Furthermore, to characterize the other im- 
munologic markers, only monoclonal antibodies were used with 
the single exception of TGF-fl, which was investigated with a 
polyclonal antibody from Promega Corporation (Madison, Wis). 
The monoclonal antibodies for CD34, CD68, SMSA, and collagen 
type 3 were obtained from Dako Corporation (Carpinteria, Calif)- 
The selection of the best marker for each cell type or parameter 
investigated was made after preliminary studies showed the 
markers chosen to give the best results in our paraffin-embedded 
biopsies compared to the positive controls used. Skin was used 
for CD34. Lymph nodes and tonsils were used for CD68, coro- 
nary branches within the heart for SMSA, and cirrhotic livers for 
collagen types 1 and 3. Furthermore, positive controls were se- 
lected from patients with cirrhosis to test for the expression of 
markers such as TGF-0, SMSA, and collagen types 1 and 3. Nor- 
mal livers were used as negative controls for markers such as 
CD68, CD34, and collagens. 

Immunoperoxidase 

The method in use at our laboratory was the Dako LSAB+ kit, 
peroxidase method. This kit contains labeled streptavidin biotin. 
Cut sections of liver biopsy specimens (4 u.m thick) were mount- 
ed on glued slides, air-dried for 10 to 15 minutes, and fixed in 
cold acetone The initial step consists of 3% hydrogen peroxide 
treatment for 5 minutes, followed by application of the primary 
antibody for 30 minutes. This step was followed by the applica- 
tion of the link antibody for 15 minutes, and after that, applica- 
tion of the streptavidin peroxidase for 15 minutes. After appli- 
cation of the substrate chromogen cuarrunobenzidine for 5 min- 
utes, the slides were counterstained with hematoxylin for 2 to 5 
minutes. The diaminobenzidine stock solution was stored in 1- 
\lL aliquots at -80°C The reagents were delivered to the sections 
with Dispenstirs (Becton Dickinson, Mountain View, Calif). Rins- 
ing and washing with phosphate-buffered saline (X3) were done 
routinely for total periods of 10 minutes following each step after 
the cold acetone fixation. 

Statistical Analyses 

Descriptive statistics are expressed as mean values ± standard 
errors. The x 2 or Fisher exact tests were used to compare quali- 
tative variables. Comparisons between the different groups of in- 
dividuals were performed with 2-way analysis of variance (AN- 
OVA), and multiple comparisons used the Student-Newman- 
Keuls test. Relationships between parameters were evaluated 
with the Pearson correlation coefficient. Significance was defined 
as P < .05. 

RESULTS 

Morphologically, the following perivenular lesions were 
found in group 2: pericentral ballooning degeneration, 
pericentral steatosis, pericentral necrosis, pericentral fibro- 
sis, and sclerosing hyaline necrosis (Figures 1 through 5). 
Pericentral ballooning was usually present alone, while 
frequently the other lesions appeared simultaneously. 

Mean liver span was 11.6 ± 0.3 cm for group 1, 12.5 ± 
0.4 cm for group 2, and 13.4 ± 0.5 cm for group 3. For 
this parameter, a significant difference was observed be- 
tween group 1 and group 3, while group 2 did not differ 
significantly from either group 1 or group 3. 

Clinical parameters are depicted in Tables 1 through 3. 
Analysis of clinical parameters, such as alcohol drinking 
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Figure 1. Ballooning degeneration. The hepatocytes around the terminal hepatic veins (central veins) are swollen. Minimal collagen deposition 
is present (Masson trichrome, original magnification X20). Collagen is normally absent in this area. Even by electron microscopy the central veins 
exhibit minimal collagen, and they appear to be more like dilated sinusoids. 

Figure 2. Pericentral steatosis. Mild collagen deposition (Masson trichrome, original magnification X40). 

Figure 3. Pericentral fibrosis. Central vein with collagen bands and steatosis (Masson trichrome, original magnification XI 00). 
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Table 1. 


Alcohol Drinking History* 










Ethanol Consumption, 


Years of Ethanol 


Ratio, 




Age, y 


g/d 


Intake 


g/d/y 


Croup 1 










Men 


44 ± 1 


145 ± 12 


16 ± 1 


15 + 2 




(77) 


(74) 


(73) 


(72) 


Women 


47 ± 3 


111 ± 17 


15 ± 3 


16 ± 4 




(27) 


(26) 


(25) 


(25) 


Total 


45 ± 1 


136 ± 10 


16 ± 1 


16 ± 2 




(104) 


(100) 


(98) 


(97) 


Croup 2 










Men 


49 ± 2 


136 ± 14 


21 ± 2 


1 1 ± 2 




(40) 


(39) 


(37) 


(37) 


Women 


53 ± 2 


80 ± 14 


14 ± 3 


22 ± 6 




(20) 


(18) 


(18) 


(1 6) 


Total 


51 ± 1 


118 ± 11 


19 ± 2 


14 ± 3 




(60) 


(57) 


(55) 


(53) 


Croup 3 










Men 


49 ± 2 


109 ± 9 


23 ± 3 


9 ± 3 




(21) 


(19) 


(19) 


(19) 


Women 


47 ± 4 




1 D — J 


1 A -J- A 

14 14 




(12) 


(9) 


(9) 


(8) 


Total 


48 ± 2 


110 ± 11 


20 ± 2 


11 ± 3 




(33) 


(28) 


(28) 


(27) 






P Values 






2-Way analysis of variance 








Group 


■03t 


.39 


.57 


.54 


Gender 


.36 


.06 


.006+ 


.13 


Group X gender 


.54 


.39 


.13 


.35 


Multiple comparisons for significant differences 








Croup 1 vs group 2 


.02f 


. . .* 






Croup 1 vs group 3 


.38 








Group 2 vs group 3 


.21 









* Values are presented as mean ± SEM of (n) subjects. 

+ Indicates P values of differences that are statistically significant 

* Ellipses indicate data not computed. 



history; revealed statistical significance in terms of age be- 
tween groups 1 and 2 and in the amount of ethanol con- 
sumption between men and women (Table 1). Other clin- 
ical data were examined by 2-way ANOVA (Table 2) and 
revealed statistically significant differences in PT between 
groups 1 and 2, groups 1 and 3, and groups 2 and 3. Total 
bilirubin was significantly different between groups 1 and 
2 and groups 1 and 3. The difference in AST levels was 
statistically significant only between groups 1 and 3, while 
ALT did not exhibit any significant differences. Finally, 
GGT was significantly different between groups 1 and 2 
and between groups 1 and 3. 

The 2-way ANOVA was performed to detect any sex 
differences. A significant difference was observed between 
sexes; the more severe the degree of fibrosis, the lesser the 
duration in years of ethanol consumption by women in 



relation to men, that is, women ingested much less ethanol 
to achieve the same degree of fibrosis as the men. 

The Pearson correlation coefficients (Table 3) revealed 
statistically significant positive correlations between age, 
grams per day of ethanol consumption, number of years, 
and the ratio of grams /day /number of years of alcohol 
consumption (P < .001). Prothrombin time correlated with 
total serum bilirubin (P < .001) and GGT levels (P = .005). 
Furthermore, serum bilirubin correlated with AST (P = 
.01) and GGT levels (P < .001). Finally, GGT levels cor- 
related with PT (P = .005), total bilirubin (P < .001), AST 
(P < .001), and ALT (P = .002). The pairs of values with 
positive correlation coefficients and P values less than .05 
tended to increase together. For the pairs with negative 
correlation coefficients and P values less than .05, one var- 
iable tended to decrease while the other increased. 



Figure 4. Pericentral necrosis. Ballooning of hepatocytes with moderate fibrosis C'chicken-wire") and some inflammatory cells (Masson trichrome, 
original magnification X400). 

Figure 5. Sclerosing hyaline necrosis. Fibrosis, steatosis, and acute inflammation (Masson trichrome, original magnification X400). 

Figure 6. CD68 expression by Kupffer cells. A central area extending into the sinusoids (CD68 immunoperoxidase, original magnification XI 00). 

Figure 7. Endothelial periportal expression. CD34 is expressed in the endothelial cells (CD34 immunoperoxidase, original magnification XI 00). 

Figure 8. Pericentral ballooning, stage F1. A liver lobule expressing smooth muscle-specific ct actin (SMSA) during an early stage of ballooning 
with F1 (SMSA immunoperoxidase, original magnification XI 00). 
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Table 2. Clinical Data* 




PT 


Total Bilirubin 


AST 


ALT 


GGT 


Croup 1 












Men 


97 ± 1 


14 ± 1 


36 ± 5 


35 ± 5 


125 ± 14 




(77) 


(77) 


(77) 


(77) 


(77) 


Women 


95 ± 3 


10 ± 1 


27 ± 5 


25 ± 4 


112 ± 24 




(27) 


(27) 


(27) 


(27) 


(27) 


Total 


97 ± 1 


13 ± 1 


33 ± 4 


33 ± 4 


122 ± 12 




(104) 


M04) 


H 04) 


(104) 


(104) 


Group 2 












Men 


95 ± 2 


19 ± 2 


44 ± 5 


36 ± 4 


303 ± 53 




(40) 


(40) 


(40) 


(40) 


(40) 


Women 


89 ± 3 


32 ± 12 


42 ± 7 


29 ± 4 


338 ± 90 




(20) 


(20) 


(20) 


(20) 


(20) 


Total 


93 ± 2 


23 ± 4 


43 ± 4 


34 ± 3 


315 ± 46 




(60) 


(60) 


(60) 


(60) 


(60) 


Croup 3 












Men 


78 ± 3 


36 ± 9 


42 + 9 


28 ± 2 


j / \ _ Oj 




(21] 


pi] 




1 / 


nn 

l-i i ) 


Women 


85 ± 5 


33 ± 12 


64 ± 12 


26 ± 4 


313 ± 82 




(12) 


(12) 


(12) 


(12) 


(12) 


Total 


81 ± 3 


35 ± 7 


50 ± 7 


27 ± 2 


350 ± 61 




(33) 


(33) 


(33) 


(33) 


(33) 






P Values 








2 -Way analysis of variance 












Croup 


<.001t 


<.001t 


.02t 


.70 


<.001t 


Gender 


.72 


.65 


.54 


.20 


.78 


Croup x gender 


.04t 


.13 


.18 


.83 


.73 


Multiple comparisons for significant differences 










Group 1 vs group 2 


.03 1 


.004t 


.09 


. . .* 


<.001 + 


Group 1 vs group 3 


<.001t 


<.001t 


.02t 




<.001 + 


Group 2 vs group 3 


<.001 + 


.10 


.24 




.72 



* Promthrombin time (PT), total bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and -Y-glutamy transferase (GGT) 
levels were determined on admission or at the time of biopsy. Values are reported as mean ± SEM of (n) subjects. 

t Indicates P values of differences that are statistically significant. 

* Ellipses indicate data not computed. 



Immunologic Findings 

Our immunologic evaluation shows that, irrespective of 
the degree of fat present, the expression of markers of liver 
cell types is not modified in a relevant manner by the 
presence of steatosis. The best markers were CD68 for 
Kupffer cells, CD34 for endothelial cells, and SMSA for 
stellate cells, CD68 was the best marker for Kupffer cells 
and was expressed diffusely (Figure 6) within the lobules 
in all groups. Its expression was intense throughout, es- 
pecially if severe necrosis (ballooning) was present. Ex- 
pression was intense and correlated directly with degree 
of disease severity. It increased from stage Fl through F3, 
but was absent from control livers. CD34 was best ex- 
pressed (in mild to moderate degree) within periportal 
endothelial cells in all groups (Figure 7). Expression of 
SMSA increased in intensity and correlated with degree 
of disease severity. Furthermore, SMSA expression was 
practically absent in controls and in group 1, was minimal 
in group 2, and was most intense in stellate cells in the 
advanced stage of fibrosis within group 3 (Figures 8 
through 10). The SMSA enhancement with disease pro- 
gression reached a peak in stage F3 and in the cirrhotic 
bands of the positive controls (Figure 11). 

Collagen type 1 was mildly expressed pericentrally in 
group 1, more markedly and pericentrally expressed in 
group 2, and severely expressed in group 3. Collagen type 
3 was absent in group 1, minimal in group 2, and intense- 
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ly expressed in group 3. Collagen type 1 was intensely 
expressed in positive cirrhotic controls, while the expres- 
sion of type 3 was less marked, although enhanced as well. 
Transforming growth factor pi, TNF-ct, and ICAM-1 were 
not expressed. In conclusion, based on the intensity and 
periportal location of CD34 expression, the endothelial 
cells appear to play a role, as yet unknown, in the fibro- 
genesis of ALD. 

Kupffer cells are activated early, diffusely, and intensely 
and precede the activation of stellate cells. The intensity 
of their activation, based on CD68 expression, suggests 
that they play an initial role, perhaps by secreting cyto- 
kines. This role could not be confirmed in this study be- 
cause some cytokines could not be tested with monoclonal 
antibodies, which are not available commercially. 

Stellate cells are the most intensely activated, and this 
activation progressively increases in severity from stage 
Fl to stage F3. The expression of SMSA within the colla- 
gen bands of F3 and positive cirrhotic controls suggests 
the existence of a continuum between early- and late-stage 
hbrogenesis. If this is the case, SMSA expression may be 
used to determine the transition between severe fibrosis 
and cirrhosis. 

COMMENT 

To our knowledge, this study examined the largest pop- 
ulation of patients with ALD in the early stages to date. 
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Table 3. 


Clinical Correlations* 








Ethanol Consumption 






Total 








e/d 


V 

7 


g/d/y 


PT 


Bilirubin 


ACT 


ALT 


i-fT 


Age, y 
















/? -0.291 


0.584 


-0.386 




n 1 1 n 


-0.099 


-0.179 


-0.072 


P <.001t 


<.001t 


<.001t 




1 2 


.16 


.01t 


.31 


n 1 86 


1 81 


180 


197 


197 


197 


197 


197 


Alcohol consumption, g/d 
















P 


-0.082 


0.450 


0.045 


—0.074 


-0.002 


0.121 


-0.092 


P 


.28 


<.001 1 






.98 


.10 


.21 


n 


1 77 


1 76 


186 


186 


186 


186 


186 


Alcohol consumption, y 
















R 




-0.586 


-0.182 


0.1 79 


-0.088 


-0.134 


-0.039 


P 




<.001 + 


.01 f 


.02t 


.24 


.07 


.60 






1 80 


181 


181 


1 81 


1 81 


1 81 


Alcohol consumption, g/d/y 
















R 






0.032 


—0.149 


0.021 


-0.083 


-0.031 


P 






.67 


046t 


.78 


.27 


.68 








180 


180 


180 


180 


180 


PT 
















R 








—0.569 


-0.092 


0.063 


-0.201 


P 










.20 


.38 


.005t 


n 








197 


197 


197 


197 


Total bilirubin 
















R 










0.180 


0.068 


0.345 


P 










.01 1 


.34 


<.001t 


n 










197 


197 


197 


AST 
















P 












.560 


.453 


P 












<.001t 


<.001t 


n 












197 


197 


ALT 
















P 














0.215 


P 














.002t 


n 














197 



* PT indicates prothrombin time; AST,' aspartate aminotransferase; ALT, alanine aminotransferase; and CCT, -y-glutamyltransferase. R is the Pearson 
product moment correlation coefficient, and n represents the number of subjects, 
t Indicates P values of differences that are statistically significant. 



Concerning the clinical parameters, significant differences 
were found between the various groups in age, PX serum 
bilirubin, AST, GGT, and liver span. Abnormalities of 
these parameters allow the clinician to infer the early pres- 
ence of liver dysfunction and to identify ethanol-induced 
injury. Clinically, serum bilirubin, PT, and GGT levels ap- 
pear to be the best indicators to differentiate the 3 groups 
we identified, that is, group 1 (portal fibrosis, F0) from 
group 2 (central injury, F0 or Fl) and group 3 (fibrosis 
with multiple septa, F3). 

The evaluation with 2-way ANOVA and Pearson corre- 
lation coefficients revealed that other factors, such as age, 
grams per day of ethanol consumption, number of years, 
and the ratio of grams /day /number of years of alcohol 
consumption have significant positive correlations. 

Morphologically, there seems to be a sequential set of 
lesions, starting with pericentral swelling of hepatocytes 
followed by pericentral steatosis, pericentral necrosis, per- 
icentral fibrosis, and finally sclerosing hyaline necrosis. A 
combination of steatosis with other lesions, such as fibrosis 
or necrosis, was relatively common. The expression of 
these parameters in such a large population of patients 
allows us to conclude that central injury (Fl) seems to 
characterize a group of patients intermediate between 

Arch Pathol Lab Med— Vol 128, November 2004 



those with normal portal areas (FO) and those with bridg- 
ing fibrosis (F3). The lesions of early pericentral ethanol- 
induced injury were observed in this study quite often. 
They are sequentially characterized here. Pericentral swell- 
ing (ballooning) is usually present alone. On the other 
hand, the other lesions frequently may appear simulta- 
neously, that is, lesions such as steatosis with fibrosis, or 
fibrosis with necrosis. Thus, we believe that the periven- 
ular lesions begin sequentially with ballooning degener- 
ation followed by steatosis, necrosis, fibrosis, and finally 
sclerosing hyaline necrosis. 

The second objective of this study deals with the evo- 
lution of fibrosis from the early stage of ALD. We found 
central vein fibrosis, although minimally expressed, at the 
swelling stage (early ballooning degeneration). Liver h- 
brogenesis has been a topic of considerable interest for 
many years. Experimental models have been developed 
preferentially in rats by administration of carbon tetra- 
chloride, 8 dimethylnitrosamine, 9 and ethanol. 10 The objec- 
tive of these studies was to gain insight into the complex 
process of human liver hbrogenesis, which represents one 
of the most common causes of human morbidity and mor- 
tality. 

The development of liver fibrosis in humans has been 
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Figure 9. Central injury, group 2, stage F2. Expression of smooth muscle-specific a actin (SMSA) pericentrally with ballooning and collapse 
around a central vein, stage F2 (SMSA immunoperoxidase, original magnification X400). 



Figure 10. Smooth muscle-specific a actin (SMSA), stage F3. A liver needle biopsy, stage F3. Porto-portal bridging. Some morphologists maybe 
tempted to call this stage cirrhosis; however, there are no regenerative nodules and the central veins are patent (SMSA immunoperoxidase, original 
magnification X20). 

Figure 11. Positive controls in cirrhosis showing expression of 4 markers: transforming growth factor 0 (TGF-fil) (A), smooth muscle-specific a 
actin (SMSA) (B), collagen type 3 (C), and collagen type 1 (Masson trichrome) (D) (immunoperoxidase for TGF-{31, SMSA, and collagen type 3, 
original magnifications XI 00 [A], X40 IB], X20 IQ, and X40 [D]). The higher magnification of panel A reveals TGF-&1 expression within a 
regenerative nodule by the sinusoid-lining cells. 



attributed over the years to production of hepatic sub- 
stances by the various cellular components of the liver un- 
der the influence of multiple noxious agents, including 
ethanol. Emphasis currently has been placed either on the 
role of central hypoxia 11 or on the release of cytokines by 
sinusoid-lining cells. 12 During endotoxemia, cytokines are 
known to undergo alterations by increasing intestinal ab- 
sorption of lipopolysaccharide and lipopolysaccharide- 
binding protein. 

This is associated, especially in Kupffer cells, with in- 
creased secretion of TNF-ct, TGF-pl, interleukin (IL)-l, IL- 
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8, reactive oxygen species, and nitric oxide. Historically, 
the first cellular element suspected of playing a role in 
fibrogenesis was the hepatocyte, 13 followed by the Kupffer 
cell. 12 More recently, studies of liver fibrogenesis have 
shifted interest to the role played by the stellate cell. 14 - 16 
The interest in the role of Kupffer cells in endotoxemia 
and related states is understandable and significant with 
respect to liver fibrogenesis. In the present study on hu- 
man ALD, the expression of CD68 by Kupffer cells par- 
allels the expression of SMSA by stellate cells in intensity. 
We could not test for the presence of TNF-a, IL-1, and IL- 
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8 because our. material had been treated with formalin and 
embedded in paraffin for some time. Under these circum- 
stances (ie, formalin-fixed and paraffin-embedded tis- 
sues), monoclonal antibodies for these cytokines are not 
available. 

Activation of fibrogenesis has been attributed to several 
factors, including increased intestinal permeability by eth- 
anol, increased absorption of intestinal endotoxin, activa- 
tion of Kupffer cells, transformation of stellate cells into 
myofibroblasts, and finally stimulation of endothelial cells. 
Stellate cell activation appears to be preceded by Kupffer 
cell production of stimulatory factors, such as TGF-p, 12 or 
unknown substances produced by hepatocytes after inju- 
ry. 14 Factors involved in Kupffer cell activation include, 
among others, 11 TNF-a and TGF-p. Northern blot studies 
have shown production of TGF-pl messenger RNA 
(mRNA) by Kupffer cells isolated from ethanol-treated 
rats. Furthermore, monocytes activated by intestinal lipo- 
poly saccharide have a similar effect. This results in stim- 
ulation of stellate cells (lipocytes) with expression of col- 
lagen genes, especially collagen type l. 17 

The bile duct ligation model yields unusually elevated 
levels of collagen type 1 expression by stellate cells, while 
the CC1 4 model shows enhanced expression (14-fold) of 
collagen type 1 by endothelial cells and a 43-fold increase 
by lipocytes (Ito cells). The mRNA for type 3 collagen in 
normal rat liver has been reported to be equally increased 
in endothelial cells and lipocytes. This mRNA elevated in 
these experimental models is most dramatically expressed 
by stellate fat-storing Ito cells. 

In our study, SMSA, the marker for stellate cells, ap- 
pears to be the most reliable indicator of progression of 
human fibrosis in ALD. Expression of SMSA is enhanced 
with disease progression, reaching a peak in F3, and is 
seen very prominently in the positive control cirrhotic 
bands. 

CD68 is the best marker for Kupffer cells, is expressed 
diffusely within the lobules in all groups, increases from 
stage Fl through stage F3, and is absent in normal livers. 
This pattern correlates directly with the clinical degree of 
disease severity. CD34 was expressed in this study in mild 
to moderate degree within periportal endothelial cells in 
all groups. 

The bile duct ligation model 17 showed that in normal 
animals the endothelial cell is an important producer of 
collagen types 1 and 4, either higher than or similar to 
that of the stellate cell. We tested only for collagen types 
1 and 3, and we used human livers. We also used a dif- 
ferent immunologic marker. Thus, it is difficult to explain 
this difference. However, based on our information using 
CD34 expression by endothelial cells, the results do sup- 
port a lesser role for these cells in the fibrogenesis of hu- 
man ALD. 

The expression of mRNA for a given collagen type ex- 
perimentally does not justify a direct extrapolation to the 
human condition. Several studies in human alcoholics 18-20 
showed no distinctive clinical features. However, in one of 
these studies, 20 11 patients exhibited perivenular fibrosis 
very prominently, and the most characteristic features 
were myofibroblast proliferation and collagen deposition 
around the terminal hepatic venules. Of the 21 venules 
examined in the study, myofibroblasts represented almost 
half of the cellular population combined with fibroblasts, 
while fat-storing stellate cells as such were not recognized 
in the connective tissue surrounding the terminal hepatic 
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venules. Furthermore, it was postulated that fat-storing 
cells, fibroblasts, and myofibroblasts belonged to the same 
family. In addition, it was stated that a transition occurred 
from Ito fat-storing cells to myofibroblasts. Three of the 
studies 18 - 20 - 21 concluded that perivenular fibrosis was a pre- 
cursor of more advanced forms of ALD, especially cirrho- 
sis, if the patients continued their alcohol intake. Only one 
study 19 concluded the opposite. Perivenular fibrosis in the 
alcohol-fed baboon model, 20 as well as in the French mod- 
el, 22 confirmed the presence of myofibroblasts and stellate 
cells in the perivenular area and strongly suggested that 
they are the cellular elements responsible for the genera- 
tion of collagen. 

Our study was based on a much larger number of pa- 
tients, and numerous terminal hepatic veins were available 
for examination. Our findings support the hypothesis that 
perivenular injury (swelling, steatosis, fibrosis, and scle- 
rosis) represents earlier stages of ALD from which, unless 
a patient stops alcohol consumption, they most likely pro- 
gress to cirrhosis. 

In this study, SMSA expression increased progressively 
in intensity and correlated with the degree of severity of 
fibrosis, reaching the highest level in cirrhotic bands. Ex- 
pression of SMSA was absent in normal controls but was 
very intensely expressed in stage F3. Thus, the increased 
expression of SMSA within the collagen bands of F3 and 
cirrhotic patients suggests the existence of a continuum 
between severe fibrosis and end-stage cirrhosis (F4). Fi- 
nally, SMSA expression may be useful to determine the 
transition between severe fibrosis and cirrhosis. The ear- 
lier literature cited and our findings in this large popu- 
lation of alcoholics support the idea that a sequence of 
lesions, starting with pericentral ballooning and steatosis, 
progresses eventually in many patients to end-stage liver 
disease. 

The expression of collagen type 1 was absent in normal 
controls, but was very intense in F3 and in positive con- 
trols with cirrhosis. Collagen type 3 was progressively ex- 
pressed as disease severity increased, but with a lesser 
intensity in the various groups. 

Expression of TGF-pi has been reported to increase fol- 
lowing liver injury in several animal models. Furthermore, 
TGF-p suppresses the proliferation of hepatocytes and 
other epithelial elements and induces active proliferation 
of hepatic stellate cells. Because previous studies with the 
French-Tsukamoto 11 - 22 rat model revealed concentrations 
of Ito cells in the centrilobular areas and enhanced colla- 
gen production, it has been easy to assume that this phe- 
nomenon applies to most human liver diseases, including 
ethanol-induced fibrogenesis. Thus, it has been stated that 
TGF-pl is a major factor stimulating stellate cell fibrogenic 
activity (enhanced collagen production), predominantly 
expressed in centrilobular areas, and finally that it corre- 
lates with enhanced expression of SMSA. 

We were unable to confirm this correlation in our pa- 
tients. The reason for this discrepancy may be related to 
3 different factors: (a) we studied formalin-fixed, paraffin- 
embedded human livers from ALD patients, while in 
most experimental studies dealing with rat models sam- 
pling took place shortly after sacrifice; (b) we studied tis- 
sues already processed and stored for quite some time, 
while animal studies usually used fresh tissues; and (c) 
monoclonal antibodies were not available for all markers 
of our human studies. However, it must be noted that 
TGF-pl was strikingly expressed in our positive controls 
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(human cirrhotic livers), which were processed in a fash- 
ion similar to the precirrhotic cases under investigation. 
We are unable to explain this discrepancy. This matter has 
been examined recently by Friedman 23 at the molecular 
level. 

According to relatively recent publications, 24 " 26 it must 
be recognized that TGF-p does not act alone to cause liver 
fibrogenesis. Other factors seem to participate, and an im- 
portant one seems to be hepatocyte growth factor, which 
appears to have effects just opposite to those of TGF-p, 
such as potent proliferative activity on hepatocytes. In ex- 
perimental models, hepatocyte growth factor has been 
shown to suppress the fibrotic response and stimulate he- 
patocyte proliferation. 24 In vitro studies suggest that he- 
patocyte growth factor functions predominantly to block 
the effects of TGF-3 and that fibrogenesis in the liver may 
be the result of a delicate equilibrium between these 2 
factors. 

Finally, another body of literature 27 * 28 supports the idea 
that the major effector cell involved in fibrogenesis is the 
stellate cell, following its activation by factors released in 
response to injury. This response is associated with in- 
creased expression of smooth muscle proteins and in- 
creased production of extracellular matrix proteins. Stel- 
late cells exposed in culture to vasoactive substances, such 
as endothelin-1 and angiotensin II, respond with en- 
hanced production of SMSA and extracellular matrix pro- 
teins. In this study, we confirmed the enhanced produc- 
tion of SMSA by the stellate cells. 

The authors thank Mariann Eichorst, HT(ASCP), for her superb 
technical help with immunohistochemistry and Gail Hoppe for 
her invaluable secretarial assistance 
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Development, Differentiation, and Maturation of Kupffer Cells 

MAKOTO NATTO- 1 * GO HASEGAWA,' an P KJYOSHl TAKAHASWI 2 

i$acond Department of Pathology* Niigixtu University School of Medicine* Ntigais 93 7, Japan 

*Sccond Department of Pathology, Kumnmoto University School o/Medidno. Knmwrioto 860. Jupun 

KEY WORDS macrophages* monocytes; M-CSF; unmunophenocype; ontogeny 

ABSTRACT Primitive macrophages first develop irt the murine and human yolk sac and then 
differentiate into fetal macrophages. Primitive or fetal macrophages enter the blood stream and 

mtgttrtt^to^hc^^ 

antigens and peroxidase activity of resident macrophages with the pro£res6 of gestation: they 
become mature and then transform into Kupffer celts. In contrast; myelopoiesui and monocytopoi- 
esis are not active In yolk sac hematopoicsis and in the early stages of hepatic hematopoieais. 
Precursor cells of primitive or fetal macrophages exist and granulocyte/macrophage colony-forming 
ccIIk develop in The yolk sac and in the early stages of fetal 1ivor development, wherea$ macrophage 
colony-Forming cells emerge and increase later in fetal liver development In vitro, simtlar colonies 
were formed from each fetal hematopoietic cell in the presence of different macrophage growth 
factors. During culfurihg of the yolk sac cells and hepatic hematopoietic cells on a monolayer of 
mouKe stromal cell line, S*T2, primitive or fetal macrophage colonies developed before the formation 
of monocyte colonies, suggesting the existence of a direct pathway of differentiation from primitive 
macrophages into fetal macrophages during ontogeny. 

In severely monocytupenic mice induced by the administration of &trontiun>89. Kupffer cells have 
a proliferative capacity and are maintained by self-renewal, in macrophage colony-stimulating 
factor fM-CSFHJettcicnt (op/op) mice, the number nf Kupffer cells is reduced, and they are 
characterised by immature morphology and a proliferative potential similar to that of primitive or 

™fetat^acrophages.during-ontogeny.Jmm 

Kupffer cells start proliferating and become mature. This finding indicate*! that M-CSF plays an 
important role jn the differentiation and proliferation of Kupffer cells. Microsc. Res. 7fech, 39:350- 
364, 1 997. o ) W7 Witay-Uw, Ik. 

INTROJDUCTTON fixation and ultrastrucrural peroxidase cytochemistry, 

t/ « i «. a i« \ »u D i nmB *M. »«h wi ? Rfi 0 974a,b) clearly demonstrated that the enctothe- 

lial cells and Kupffer Mill belong to two different cell 

are uivo ved in the "f^"*™ populations and that Kupffer cells are resident macro- 

Immunological respon^ and ^f™™J?ty ^ {n the h tic sinujpoWf Kupfl:cr ^n.,, ^ now 

Smee the discovery of Kupffer eells by Kupffer (1 876). g^ned ^ mBcro ^ h ^ 8 in ^ t hepatic sinusoid with <1 ) 

Several J^ws ™ ^ b "* k phagocytosis, (2) reactivity to anrMnacrophog* 

sentcd -H*??*^ monoclonal antibodies, (3) proliferative capacity, and 

a gold chloridc-staming ^ethod that ^ stained fot-s toting (4) lowdJlHrtton pattern of endogenous peroxidase 

cells Wakeer ^^ activity** resident mamphagps. 
hepatic sinusoids "endothelial cells P h ^cytJ^ng In- According to the concept of the mononuclear pbufio- 
dla ink after Its intra venous Injection (Kupffer. 1898, system (MPS) proposed by Furth (197S. 1980. 
1899). Kiyono (1919) also identified colli; In various ^1992; Furth etaC 1972), it has been concluded 
tissues by vital staining with lithium carmine and thftt blot>d fflonocytes originate from precursor cell? in 
assumed that Kupffer cells originated from the reucu o- he b<>m marrow, migrate Into various tissues of the 
endothelia of toe hepatic sinusoid. Based on the results bod end tr&n ^ m int0 tjssuc macrophages, However, 
obtained from his collaborations with Kiyono. Atehaff ma c WP hage* in fetal tissues Including the fctnt liver 
n 924) established the concept of the Wuloendotne- ^ k £ ow * to dev9l before thc in f cillt { on of DOne 
lial nystam v a cell system composed of reticulum mafT0W hematopoiesi* In animals. Previous studies 
cells, retlcutoendothella (phagocytic : cndotheUa), and hayc rcvcalcd chat macrophage* irj the fetal liver 
histiocyte* (macrophages). The constituent eel s of the expres5 cvtochemical and tmmunohastochemical charac- 
RfcS were donned ob mesenchymal cells stained in- - of Kupffer ceLls In the late Stages of liver 
tensely by vital staining, and all celts constituting the development (Baukston and Pitio, 1980; Dcimann and 
RES were considered to have an identical origin, mor- 
phology, and Amotion, From these constituent cells, 

fibroblasts were excluded because their intensity for "-^^^^^^SSSU MfniKflvy «r Bch-eBtin. M«no«. .«rtd Guitm «r J M |»n. 

vital staining was slight. In the RES, Kupfter cells ^^^emc p re f, m, ^ 

belonged tO an clement Of the retlcutoengQU'VeUa Of the Unlvdr«Ky$diool of Medicine I Asiihlmnehl.dnii. mwtn ftH. Jnpiin. 

liver. However, by usinc; a combination of perfusion Rovoivcd i Fchwwy59»iai>cepimJinmvi w dfrvmiOJuiy iws 
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FahtrnL 1 978; Naito and Wisse, l977;Naitoctal., 19W, 
199(>a: Pino and Bankslon, 1 979). However, the precur- 
sors of these hepatic fetal macrophages and the mecha- 
nisms governing the differentiation of fetal hepatic 
macrophages have been poorly understood. Thin article 
describes the origin* differentiation, maturation, and 
proliferation of Kupffer cells not only during ontogeny 
but also in the adult life of mice. rats, and humanR. This 
work Is based on tho results obtained from immunohis- 
lochemicnl, electron microscopic, and in vitro srudie*; 
and on the analyses of animal models useful for invest!* 
gating macrophage differentiation and kinetics. 

ONTOGENY OF KUPFFER CELLS 
IN THE MOUSE 
Macrophages are known to appear in hematopoietic 

phages develop In mammals is the yolk sac (CHne find 
Moore, 1972; Errcan. J 986; Pukuda, 1973; Kclemen et 
ul„ 1979; Moore and Metealf, 1970: Takahashi et nl- 
1989), An mouse embryos at 8.5 days of gcHtntlon. blood 
Islands start developing in the mesenchymal layer of 
the yolk sec (TaJcahashleTcd,, 1939;Nuiloctal„ 1990b). 
Primitive erythroblasts and immature megnkaryo- 
blasts appear among undifferentiated blood cells. At 9 
days of gestation, the heart U formed and the fetal 
cardiovascular system is connected with the vitelline 
and umbilical vessels (Fig. 1). At this time, mono- 
nuclear cells are positive for murine macrophage mono- 
clonal antibody F4/80 {Austyn and Gordon, 1981) and 
are immunohistochemically detected in the vascular 
lumen of the yolk sac (Takahashi et aL 1W), These 
mononuclear cells are round, possess a euchromatte 
nucleus with large nucleoli- a poorly developed Golgi 
apparatus, few cytoplasmic organelles, and abundant 
polyribosomes (Fig. 2). Differentiation of such Imma- 
ture cells into macrophages with more mature uliru- 
structural features is very rapid and occurs within 1 
day. We designated the former immature cells as ^primi- 
livc macrophages" and the latter mature cells as "fetal 
macrophages/' Both are negative for peroxidase activ- 
ity as determineel by ultrastructural cytochemistry and 
arc found in not only the vascular lumen but also in the 
cxn-avascular mesenchymal layer of the yolU ahc (Taku- 
UttHhletal., 1989), 

At fetal day 10. the fetal liver begins to form its 
fundamental structures beneath the venous sinus and 
to receive It? blood supply through the umbilical veins 
and the left vitelline vein (Fig. U. The umbilicul veins 
are connected with the portal vein to form a sinusoidal 



network Throughout the fetal liver. Ac this $tage> hema- 
topolesis starts in the fetal liver and Is predominantly 
erythroblastic. A few F4/80-positive cells exist in the 
mesenchymal tissue of the mouse fetus but nor. in the 
fetal liver. In the vascular endothelial channels, a 
number of erythroblasts and mononuclear cells are 
present. The mononuclear calls in the hepatic sinusoid 
(Fig* 3) bear ultrastructural and immunophenotypiu 
characteristics of primitive macrophages, which appear 
in ihc yolk sac. These cells arc suggested to have 
migrated from the yolk sac during hcmatopolesis via 
the blood stream to colonixe in the fetal liver during 
hepatic heinatopoiesis, In fact, cord biOOd sampled from 
murine fetuses contains primi tiv e or fetal macro- 

" pnagesT suggesting mat the ceil^ move througrT~tne* 
blood stream during thetetal period (Izmni et al„ 1 990)* 
The number of circulating primitive or fetal macro- 
phages Jii peripheral blood decreases after fetal day 1 7 
and disappear after fetal day 19. whereas monocytes 
appear in the peripheral Wood after ftttnl day I7 f 

A few F4/8&poaittve macrophages are first detected 
at 1 1 days of gestation In the fetal liver. Their number 
Increases with fetal age (Fig, 4), Besides primitive 
macrophages, macrophages exhibiting avid hemophago- 
cytic activity arc found In the sinusoidaL lumen or 
attached to the surface of endothelial cells, At 1 2 days of 
gestation, the number of macrophages that phagony- 
tosed various blood cells 1$ increased and most of Ihcm 
^ne attached to the endothelial celts in the hepatic 
sinusoid. Such macrophages contain abundant polyribo- 
some^ extended mionmli or fllopodla, and arc negative 
fur peroxid ase act ivity b y ultrastructural cyto c hemist ry 

"(Fig. 5]TThcse cclfcharactjerlstics are consistent with " 
what are described as "fetal macrophages" in the yolk 
sue. The number of fetal macrophages in the hepatic 
sinusoid increase with fetal age and occasionally are 
found in the extrasinusoldal space. With the increase in 
erychrppoiesls. macrophages are often found in the 
center of crythroblasts forming erythroblastic islands 
(Sasaki et al„ 1993). In this fashion, fetal macrophages 
in the fetal Uver play a scavenger function and support 
hematopoicsis. Such fetal macrophages begin to show 
peroxidase activity in the nuolear envelope and rough 
endoplasmic reticulum after 17 days of gestation (Fig, 
6) (Deimann andFahimi 1978: Nalto and WkSo. 1977; 
Naito et aL 1982. 199(Jb; Pino and Bankston, 1979) 
corresponds to that of Kupffer cells In d^e oOult liver 
(Wisse. 1974a*b). Hepatic hematopoiesis becomes most 
prominent from 16 to IS duys of gestation, whereas it 
decreases in the perinatal period and disappears within 
a week after birth, Betnophagocytosis by macrophages 
becomes less prominent after 18 days of gestation. 
These resident macrophages rapidly increase thereaf- 
ter and transform into Kupffer cells in the late Htage of 
ontogeny and after birth. Ultrastructural and immuno- 
hisuochemicat features of primitive macrophages, fetal 
macrophages, and Kupffer celts are summarized in 
Table I, 

PROGENITORS OF MUHINB FETAL 
KUPFFER CELLS 

Recently, monoclonal antibodies raised against mu- 
rine macrophage precursors have been produced 
(Lccncn et aU 1990a.b). BH-MP12 antigen mainly 
recognizes granulocyte/macrophage colony- forming cells 
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(GM-CFCfi), and F.R-MP20 antigen is expressed on 
ntacrophagc colony-Forming cells fM-CFCs), promono- 
cyte^ monocytes and immature macrophage (Leenen 
et ol„ 1990a.b; Wrjffcls et aL 1993: Morioka et al., 
1 994.), |n the yolk sac hematopoiesis, ER-MP I 2-positi ve 
OM^CFCs and F4/H0-positive macrophages ai*e de- 
tected from 9 days of illation. Jn the fetal liver, a few 
F4/RO-positi ve macrophages and BR-MP 1 2-positive GM- 
CFCs arc present on fecal day 12, but ER-MP20* 
positive monocytic cells are few in number. In the fetal 
mou.se liver. ER-MPI2-positive cell* are present 
Throughout the fetal period, whereas ER-MP20-positivc 
cells increase with gestational age (Hie- 7). The Fact that 
ER-MP20-poa1tJve cells arc absent in the ynlk sac and 
during the early stages of fetal liver formation and 
numerous F4/80«pusitive macrophages exist may sup- 
port the view that the F4/B0-positive primitive or fetal 
macrophages arc derived from GM-CFCs or earlier 
precursor cells hypping the stage of monocytic cell 
Series (promonocytes and monocytes) during early on- 
togeny. Because both KR-MPl2-posltive Glvl-CHC* and 
ER-MP20-po??jtivc monocytic cells arc present in the 
late stages of hepatic hcmatopoiesJs, both are consid- 
ered to be precursors of fetal macrophages in the fetal 
Hver during late ontogeny. 

ONTOGENETIC DEVELOPMENT OF KUPPPER 
CBfXS IN RATS 

In rats, primitive or fetal macrophages develop in the 
yolk sac (TnkalmsM and NwJto. 1993). They share 



ultrastructura] features similarto those of mice, show a 
high proliferative capacity and immune phagocytosis 
via Fc receptors, and are positive for the rat macro- 
phage monoclonal antibody RM-1 (Takeyaotal,, 1989). 
The fetal liYerpriTnordium is initially formed at 1 1 day** 
of gestation, and fetal hemutopoiesis smarts from i 2 Jay 
of gestation, in the sinusoidal lumen, there are erythro- 
blasts, megakaryobla$t$, *nd primitive or fetal macro- 
phages. The processes of proliferation, differentiation, 
and maturation of macrophages in the fetal rat liver 
closely resemble those of mice, and mitotic figures of 
macrophages are frequently encountered. Macrophages 
actively phagocyttze not only hematopoietic cells but 
also injected foreign particles or IgG-coated sheep 
erythrocytes (Figs. 7, 8) (Banketon and Pino, 1980; 
Ddrnann and Fahiml. 1978; Naito et 1982. 1986). 
The initial emergence of peroxidase activity in the 
nuclear envelope and rough endoplasmic reticulum of 
rat macrophages occurs from 1 3 to 1 4 days of gestation 
(Dcimnnn and Fahimi, 1978; Naito and VVisse, 1977; 
Naito ct al.. 1982; Pino and Bankpton. 1979) and almost 
all macrophages show ultrastructural features of real* 
dent macrophages at 1 8 days of gestation. 

Our previous immunophenotypical studies have dem- 
onstrated that RM-f*pofiltive cells first uppear in the 
yolk sac at fetal day 9 (Tkkahasbi and Naito. 1993). By 
fetal day 12, TRPM-1-. 2-, and RM-l-positlve cells are 
observed in the fetal liver. EPK ED2-, and K1-M2R- 
positive vnupropbages appear at fetal day 18, ED2 
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nilio (P-J). abundant pnlyrlhwHunex. ;ihtl ythort microvillous ptijrfco doy* or jHwUcdpn, The ucll attache* w endothelial uelht 16) «nU 
tim ta. T£, endothel i al uo ll s. X7.500. Kc nflmod with permi ssi on fmm oontdTnH a fewjipty drefiiotoJL) and phagosome* (P). x 10,000 (Waltu 
Niaiinwi nl, 1990. cluL 1990). 
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Pljni. 4. Number of F4/HtWp«Mitfvc cells in the fetal mouse liver par 



(DIJkstraeTal,, !S?85)andKi-M2R(Wackerctal. ( 1985) 
recogn&e the distinctive antigens of resident macro- 
phages, including Kupft'er cells (Fig. 9) t Because he- 
patic macrophages after 18 days of gestation begin to 
show peroxidase activity in the nuclear envelop and 
rough endoplasmic reticulum, ED2- and Ki«M2R- 



positive macrophages In the fetal liver belong to resi- 
dent macrophage defined by the localization pattern of 
peroxidase activity. These data suggest that these 
macrophages arc primitive or fetal macrophages origi- 
nating from the yolk sac, which express further macro- 
phage differentiation antlgenfi and differentiate into 
resident macrophages TRPM-3 and ED3 are expressed 
on monocyte-derived macrophages and certain re- 
stricted macrophage populations such as those in the 
marginal zone and omentum (Miyamura et at., 1988: 
Tsikeya et al,. 1 987). TRPM-3-* ED3-, and la-positive 
macrophages are considered to be monocyte derived. 

PROLIFERATION OF MACROPHAGES IN THE 
MURINE FETAL LIVER 

One of the outstanding features of macrophages in 
fetal tissue Js their hifih proliferative capacity. Our 
previous studies with *H-thyroldino autoradiography 
demonstrated that 40% and 6O~70% of macrophages in 
the yolk sue at fetal day 10 are labeled in rats and mice, 
rcHpoctively (Takaha/thi et aL, 1989; Takahashf and 
Nalto* 1993), In the fetal rat liven 03% of fetal macro- 
phages are tabeled at fetal day 14 (Fig, 1 0). indicating 
that they are a highly proliferating cell population 
(Nalto et a!.. J 982). Mitotic figures of macrophages are 
encountered frequently (Fig, 11), in the late fetal 
period, macrophages in various tissues still exhibit a 
proliferative capacity, and their labeling rate is main- 
tained at 6-10% (Takahaehi et al., 1989; Hl&ashi ct al.* 
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1992). The proliferative potential of fetal macrophages 
in the liver if* important for their survival in loco and for 
their coloniza ti on from the fetal liver to the other fetal 
tissues via blood scream. From this viewpoint, the fetal 
liver is a central organ for producing and supplying 
macrophages and their precursors to the other tissues. 

MONOCYTE ONTOGENY IN TUB MURINE 
FETAL LIVER 

Although fetal hematopoicSis contains myeloid pre* 
cursors a* detected by colony-forming assays* granulo- 
poiesis urtd monocytopoiesis arc poorly developed dur* 
ing murine yolk sac hematopolesls In vivo, Promonocyte* 
and monocyte* appear at fetal day II during mouse 
yolk sac hematopolesis, but they are an extremely 
minor population. Promonocytes are ultrastrUoturally 
defined as cells with peroxidase localisation in the 
nuclear envelope, rough endoplasmic reticulum. Oolgi 
apparatus, and granule*, but monocytes only display 
peroxidase activity in their granules. Compared with 
promonocytes or monocytes in bone marrow hematopoi- 
ejtis, the number of jjcroxidase-posltive granules hi 
these cells are few during fetal hematopolefilfi (Talenha- 
Shi et ul M 1989). Promonocytes in yolk sac hematopoi- 
£Kls shuw a weaker intensity for peroxidase reaction in 
the nuclear envelope, rough endoplasmic reticulum, 
and Golfii apparatus than those in bone marrow hema- 
topoiesis (Takahashl et al.. 1939). tn the fetal mouse 
liver, promonocytes and monocytes increase in number 
and show increased numbers of peroxtdase-positivc 



granules (Naito cr al., 1986, 1990a). In the middle 
Stages of hepatic hematopoiesis. their ultrasiructurel 
features resembled those seen during bone marrow 
hematopoiesis (Figs. \% 13), Therefore, the develop- 
ment of MPS Is thought to be completed by the middle 
stage of hepatic hematopoiests (Naito et a!., 1986. 
1990a). The number of myeloid cells with peroxidase- 
positive granules increases with gestational age in the 
fotal liver, whereas immature myeloid cell*; are re- 
placed by metamyelocytes or neutrophils until birth. 
These metamyelocytes and neutrophils also decrease in 
late ontogeny and disappear soon after birth. In the late 
fetal stage, monocytes are detected In the peripheral 
blood, and TRPM-3* or ED3-positive macrophages ap- 
-peaHnHi^ueHfUgasru^^ - 
Naito et ah, 1986; Wake et al> 1989). suggostlng that 
they migrate into fetal tissue* and differentiate into 
macrophages: 

DEVELOPMENT AND DIFFERENTIATION OF 
MACROPHAGES IN THB HUMAN FETAI,, 
LIVER 

In humans, an endodermal cell nest develops otlja- 
cent lo the vitelline vein and forms the liver primor- 
dium at 25 days of gestation (Moore. 1 988), whereas the 
primitive sinusoidal plexus branches from the vitelline 
vein. Despite the absence of hematopoiesis, the hepatic 
sinusoids contain a few primitive erythroblasts and 
macrophages, suggesting . that they ure of yolk sac 
origin. Indeed, macrophages and erythroblasts are pre* 
dominantly produced in the yolk sac at that stage. In 
agreement with previous studies (Enzan et aU. 19S3; 
^ukuda7"l^74;-Kelemiin-and^lanossa~1980)ra-large- 
number of macrophages develop in the sinusoidal lu- 
men after 30 days of gestation and are often aggregated 
or in clusters (Fig. ) 4)* They possess numerous* fllopodia 
or microvilli, an abundant cytoplasm, numerous dense 
bodies, and exhibit prominent homophagocytosis, Most 
of the intrasinusoidal macrophages in the human fetal 
liver show a well-developed ultraatruoturc, However, 
besides the mature macrophages* there also exist in 
embryonic Uvers some morphologically immature small 
macrophages that react posi ti vely for some macrophage- 
associated antigens. Large and small macrophages 
have a negative peroxidase reaction In any intracellu- 
lar organelle. From 40 days of gestation* a largo num- 
ber of hematopoietic precursor cells, predominantly of 
the erythroid series* abruptly proliferate mainly in ihe 
extrasinufioict&l area, and macrophages are also found 
both in and out of the sinusoid. Although a few Imma- 
ture granulocytes are often present In the connective 
tissues of portal triads (Enzan et al.. 1 983; Emura et a! M 
1983: Fukuda, 1974). mature granulocytes or mono- 
cytes arcnot identified, although our recent immunohls- 
tochemlcal observations have demonstrated only a few 
CD15-posltive myeloid cells (Fig. LS). Flow cytometric 
analysis revealed a distinct population of CD 14- 
positive monocytic cells in the bone marrow from an 
1 1 -week-old fctunj however, hepatic hematopoietic cells 
lacked such a CDI4-poslr.ive monocytic population. 
Tli us. monocyte/granulocyte production is also incom- 
plete in the early stages of human hepatic hematopoi- 
esis (Enzan et al., I9B3; Fukuda* 1974; Hasegawa and 
Naito, 1 995), which Is similar to that neon in the murine 
liver. 
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Kl$, 7. Fetal rot mnerophnfcc phoftotytWng Injected latex panicle* 
lO.tM 18ri«yxcif piwriitlrin. X 10.000. 




Fig. fl. HcUil rat macrophage plii^tOcytfalns IflG-cootCfi nhvup 
erythrocytes via Ft: recqoujt*. X6.0OQ. 



1090), From 30 days of gestation, almost all of the 
macrophages including Small immature and large ma- 
lmmunuphcnotypicai heterogeneity of human fetal ture macrophages express CD68 and a human macro 
mnerophagas hjjs been report^ (Bartfadin et aL f 1991; pb«gc~rclated antigen as recognised by a macrophage 
Bhooparer al» 1986; KampsetaU 1989; Timcns el monoclonal antibody HAM56* The FM-2K and CD 14 
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antibodies identify o subpopulation of mature macro- 
phases, whereas CD 1 4 antibodies also stain a small 
pollution of immature macrophages (Fig. 1$), These 
observations indicate that hepatic macrophages are 
comprised of immunophemrtypically heterogeneous 
macrophage populations and that the small ultra- 
si rucrurqlly Immaiwe macrophages recognised by some 
moerophage monoclonal antibodies represent a human 
counterpart of a primitive macrophage population 
IdenViJicd in mice and rats (Hasegawa and Naico, 
1995). 

FETAL MACROPHAGE DTFFERJSN TIATTON IN 
YJTRO 

For a further analysis of the mechanism of macro* 
phage differentiation, we conducted in vitro studies of 
Fetal hematopoietic cells under various condition*. In 
cultures of cell suspensions from the fetal liver in the 
soft agar using LP3-condit.loned medium, granulocyte/ 
macrophage (GM) colonies developed, The number of 
OH colonies in cultures of cells from the fetal Uvor was 
about 40% of rhose in cultures of bone marrow cells 



from adult mice (Naito a% al„ 1990a). These findings 
Indicate that abundant macrophage precursors exist in 
the fetal liver (Fig, 16), 

Colony-Stimulating factors (CSFs) are largely respon- 
sible for defining Che role of the microenvlronment for 
macrophage phenotypes and functions (Falk and Vogel, 
1 990; Falk et al» 1991 ; Rutherford et aL 1993;. In the 
fetal liver, hepatoeyte* are considered tfl play a major 
role In hernatopoiesisi and CSFs are detected in the 
liver during the fetal development (Azoulny etaL 1987; 
Roth and Stanley. 1 996). Recently, a heputocyte cell line 
established from the murine fetal liver was shown to toe 
capable of supporting hemacopoiests by producing M- 
CS F and O M-C5F (Hata et a1. v 1993). Thus, hepato* 
cytes provide a microcnvLronnTem~fortTO^ 
differentiation, and proliferation of macrophages In the 
fetal liver by producing C$Fs, and macrophage CSF 
(M-CSF) is also known to be produced from the yolk sac 
(Azoulay et al„ 1987) and maternal uterus (Pollard et 
e1~ 1987). A Urge amount, of M-CSF is produced by the 
luminal and glandular epithelium of the uterus through 
pregrtuhcy, and the concentration of M-CSF .in the 
uterus increases by 1*000 fold (Bartocci et til., 1986), 
Uterine macrophages produce a variety of cytokines 
that are thought to 1mmuno$uppress the host response 
to the fetus. M-CSF nfld these cytokines may also act 
directlv on macrophages In the fetus. 

To examine the effect of C$F$ on macrophage develop; 
ment and differentiation during ontogeny, varjoua in 
vitro studies have been performed. In (x soft agar gel 
culture of bone marrow ceils, yolk sac cells, and fetal 
liver cells* macrophage colonies formed in the presence 
"uT^anoli^ 
significant differences in the expression of macrophage 
differentiation antigens in the colonies between the 
bone marrow culture and the culture of hematopoietic 
ccIIr from either The yolk sac or fetal liver. The expres- 
sion of macrophage precurs or-cel I-related antigens in 
cultures of bone marrow cells is mostly comparable to 
that of fetal hematopoietic cells* ER-MP12 antigen is 
expressed in a lower percentage of colonies of hone 
marrow cells or fetal liver hematopoietic cells cultured 
in the presence of CSF as compared with the ER-MP20 
antigen, jn contrast, the numbers of BR-MF12-positrve 
colonies grown in the presence of CSF are much more 
abundant in cultures of hematopoietic cells from the 
yolk sac than those of bone marrow cells or hematopoi* 
otic cells from the fetal liven It is generally accepted 
that M-CSF mediates the development and differentia- 
don of M-CFCs, Baaed on this notion, it is difficult to 
explain why M"CSF-reRponslveER-MP12-poRttive cells 
develop only In the yolk sac cell culture. The fact that 
the expression of ER-MP12 is elevated in yolk sac cell 
cultures supplemented with M-CSf lends support ro 
the phenomenon that ER-MPJ2-positive progenitors 
develop abundantly in the yolk sac (MorloKa et aU 
19941, a location where M-CSF production is high 
(Amulay et al., 1987). This phenomenon Is also ex- 
plained by the fact that M.-CSF upregulotes the differen- 
tiation of hematopoietic cells* in particular the QM- 
CFCsWiktor-JedrzejcaakctaL 199K 1992). 

The mouse bone marrow stroma cell line, $T2, is 
known to produce several growth factors including 
M-CSP (YoshJda et al„ 1990V Macrophage colonies, 
develop in cell suspension cultures of fetal livers ob- 
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mined from 10-day gotutionoj-aged animals when 
grown on ST2 monolayer (Nalto et eL, )990a ¥ b), Macro- 
phages in the early fitage Of colony fonrtationsbow 
ulirantructur&l features similar to those of primitive 
macrophages and tire positive for F4/B0 and negative 
for peroxidase reaction. OM colonies are farmed aftcr 
the development of primitive or feral macrophage colo- 
nics. In cell suspensions of fetal livers alter II days of 
gestation, both primitive or fetal macrophage colonics 
(Fig, 17) and OM colonies (Fig. 18) develop, and the 
latter predominate over the former. Monocytes and 
granulocytes are most prominent tn celt suspension 
cultures iff fetul livers at 17 days of gestation. These 
rcsvlts imply that macrophage progenitors in fetal 
hematopoiesis arc different from those in adult ani- 
mals, oft are progenitors of primitive or fetal macro- 
phages and those from the monocytic cell series In the 
early stages of fetal hematopoiesis. Primitive or fetal 
macrophage colonies are also formed in organ cultures 
ol' the yotK sac but not in semisolid or liquid cultures 
(Nuito ct al., 1990b). Those fact* may Indicate that 
cell-to-cell contact is important for the development of 
primitive or fetal macrophages. For solving this prob- 
lem, expression of CSF receptors and adhesion mol- 
ecules on thO.sc progenitor* seem to be of key impor- 
tance. 



KLfPFFER CELL DIFFERENTIATION AFTER 
BIRTH 

Bused on the concept or MPS as proposed by Furth et 
ttl. 0972i Furth, 1989), all macrophages, including not 
only exudate macrophaga? discharged from inflamma- 
tory foci but alno resident macrophages in tissues under 
a normal steady State, arc considered to be derived from 
blood monocytes, Monocytes differentia te from promono- 
cytes and monoblasts, which originate in the bone 
marrow (Furth, 1975. 1980, 1989. 1992; Furth ct al., 
1972, 1985). Monoblasts themselves are derived from 
M-CFCs originating from plurlpotendal myeloid hema- 
topoietic stem cells. A monoblast divides once and gives 
rise to two promonocytes* and by a single division a 
promonocyte produces two monocytes. Thus* four mono- 
cytes are produced from a monoblast in the bone 
marrow. The produotion of monocytes in vivo is con- 
trolled by various growth factors, such as interlcukin 
(IL>6, GM-CSF, and M-CSF. Among various CSFs, 
M-CSFib die most important for mediating the develop- 
ment and differentiation of a restricted macrophage 
lineage belonging to MPS. In other words. M-CSF- 
rcsponsive macrophage populations are considered to 
belong to a member of the MPS. 

In mice, monocytes leave the bone marrow within 24 
hours after their production* enter the peripheral clrcu- 
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lation, and circulate in the blood stream. The halMtfe of 
monocytes In circulation la J 7.4 hours under normal 
conditions. They migrate into tissues and differentiate 
Into macrophages in situ (Furth, J 975, 1980, 1989, 
1992; Furth etal., 1972). Their Influx rate la high in the 
liver and spleen but low in the lungs and peritoneal 
cavity (Furth. 1975; Furth et al„ 1985). The hfe span of 
Kupffer cells Ik calculated to be 3.8 days. However, 
Other data pertaining to Kupffcr cell longevity conflict 
with these findings. After elimination of the cells by the 
administration of I iposome-cn trapped clodronate* 
Kupffer cells repopulate within 1<5 days in rats (Rooijen 
et al., 1990) and 14 clays in mice (Yamamoto et al. 
1990). In surviving rat liver grafts, donor Kupffer cells 
are completely replaced by recipient ones 1?— 30 days 
after grafting (Kcmcda et a!.» 1991). In the mouse bone 
marrow transplant model, Kupffer cell* of donor origin 
repopulate the recipient livers between 14 and 2 1 days 
(Paradls et ol., 1989). In uncomplicated transplanted 
human livers, donor Kupffer cells persist up to 1 year 
(Stclnhoff etal., 1989). B ou wens et aL (1 986a,b)J showed 
ihwt the life span of resident macrophages in nits is 
from several weeks to 14 months- In ^Sr-induced 
mwnocytopenic mice. Kupffer cells can be maintained 
for more than 6 weeks (Naito and ittkahushi, 1991; 
Yamada et al., 1990). These data suggest that Kupffcr 
cells are a long-lived resident macrophage population. 



Wg. 13. Monniiytfl trt tho total nit livorat 16 duy* of$K»ia\itm. The 
cell htut a iDbulatod nuulcitt «nd poroxlduw-pnultlvo granules, XRJXX). 



However, the life span of Kupffer cells should bo 
discussed in relation to their proliferative capacity and 
Ultimate fate. 

Utile Is Known about the late of Kupffer cells. 
Although monocyte production in the bone marrow is 
constant, Kupffer cell accumulation dries not occur In 
the liver under physiological conditions. The number of 
monocytes in the peripheral blnod generally exceeds the 
number required for replenishing dying macrophage* 
in tissues (Ralph, 19S9). If all of the monocytes enter 
the circulation and a large number of them reside In 
the hepatic sinusoid, Kupffer cells should die some- 
where In the body or migrate to other sites before they 
die* A few days after the injection of colloidal carbon or 
gold into the portal vein for the selective labeling of 
Kupffcr cells, labeled macrophages are found In the 
portal areas, and in hepatic lymph nodes, suggesting 
that some Kupffer cells migrate to these sites (Bardonk 
etal., 1989). 

Apoptosis (programmed cell death) has mewed much 
attention as one of the mechanisms that regulates the 
survival of monocytes and macrophages (Mangan etal., 
1991, I993a,b). In addition to so vera! cytotoxic agents* 
apoprosls appears to be regulated by cytokines such as 
JL-ip. 1L-4, and JPN (interferon^. Tutnor necrosis 
factor-a lTNF-a), GM-CSR and IFN--y prevent macro- 
phage apoptosis In culture (Mangan et al., 19 1 >I, 
I993a,b). AL-4 is known to Induce apoptosis of mono- 
cytes in vitro (Mangan el al.< 1993b)* If it occurs In vivo. 
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Mp. 14. Macrophages dcrc!u|){n« in the ftlnvifiotdut lumen of the human fctu! liver. Arrow indicates u 
primitive macrophage, x&OdO. 



060 

800. 

^ 280 
200 
100 
100 
50 




£5 2B 30 05 3B 40 42 46 46 50 fi5 60 66 70 

l-'is. 15. Number* of poaitlvc ccjlft u$ulriNt various macrophage 
moiW>cloniv! ontlhfiriitot per 10 hijjh ptwor Ifcltl <HPF} In Tho humon 
fotnl | Nor, 



monocytes may die in circulation without their influx 
Into tissues and differentiation into macrophages. In 
uolony^orming ussayf;. it has been shown that various 
CSFk promote macrophage survival by suppressing 
opoptosis (Williams et ul„ 19901. Because apoptotic 
cells urc rapidly recognised by macrophage*, Kupffcr 
cells or monocyte* undergoing apoptosifi may be phage- j 
cytte-ed and degraded by adjacent KupfFcr cells. Such unl 
efficient mechanism for controlling the cell death may! 
occur to regulate the Kupffer cell population in ti! 
constant number within the liven 
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KUFFFHR CELL PROLIFERATION AFTER 
3IRTH 



It has been widely accepted that m<rt1ocyte-derivod ' 
macrophages have no proliferative potential and die or 
disappear Tn tissues under a normal steady-state condi- 
jtionCFurth. 1975, 1980, 1989, 1992; Furth etaU 19721 
Tn contrast, KuplTer colls In the adult Uvcr and in fetal 
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His. 47. PvMut mucrpphujjo development 5 dny^ nft^ cuirnre or 
iWcr wit *wponHion* fn>m * 10-cUiy-otd fowl JJwho p « ^^"f 
STi.Thu cull »|inwM n poslllvc rouciiwi for WjSO ™ (hc«s« mcrtibrunc 
urul ifi ncgnilvc ftir pun»ildiifio reaction. *5,Qnn. 

livei 1 * have a proliferative capacity and arc capable 
of surviving by self-renewal. By ^H-thyinid.ne 
uutwftdjogcofto the labeling rate of Kupffer cells la nor 
htfih, n boik-S foi n a pormaLR teady^lale condilicn. , 
flBwcv^proUtoration bl Kupffer cells is enhanced in 
varlouR experimental conditions. Because Kupffer 
cell* show a low proliferative potential hut a long 
lifespan, they might be maintained by KeU-rcnewa 
without u supply of monocytes from the peripheral 
blood • 

To examine the significance of proliferation in Kupffer 
cell kinetics, we produced monocytopenia mice by the 
administration of Ktrontium-89 ( KV Sr). This method can 
induce severe monocytopenia in spjeneetomlssed mice 
without any damage to Kupffer cells for a Lpng period of 
Time (Naitoet al„ 1991; Yamada etaU 1990). In thewe 
mlue, monocytes disappeared almost completely trem 
the peripheral t?lood arid the monocyte pool decreased 
lo Tewer than I in 200 (Yamada et uU 1990), However, 
the number of Kupffer colls in the monocytopenia mice 
was not reduced but rather was Increased (Plfi. 19) 
fNaito ct uU 1991: Yamada ct ul„ 1990), Because the 
number and proliferative capacity of Kupffer cells were 
increased in the monocytopenia mice for up to ft weeks 
after «wjr administration (Nai to et aU 1 99 1 \ it appears 
likely that Kupffer cella can survive and be sprained by 
cell division without monocyte Influx from the periph- 
eral blood. L 
\f Proliferation of KopfFer cells by cell division is ob- 
served after the Injection of various macrophage stlmu. 
Maters and after partial hepatectomy (Kojtma ; 1976; 
Widmann und FahW 1975; Wi^o, 1 WW. AdminUtra, 



Fie IB Monocyte* 5 tlpy* artcr culture nf "vor coll RUKpeiiRta™ 
t t >m it IWny-oW fotol moiwe on a mppolttycrof The cell* *hfw a 
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Fu. 19. Numbur of Kopfcr in Kplcnocronilncd and 
nfln4)lcnwtomteoU Inort-SPX) miw admloaiwtcd wrontlum-** or 
Bin»nUunvB9. 



tion or iilucan or zymosan induces both the infiu* of 
monocytcit und Kupffer cell division (Dctmimn and 
Fuhimi, lM0a»bi Bouwenw ct al. 19S6u.b; Nuilo and 
Takahashl, 1991V These results also support the view 
thai Kupffer cells are an independent, seir-sustaininfc, 
and slow replicating cell population distinct from the 
MPS. 
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REGULATION OF KUPFFEF Cfcl-L 
DIFFERENTIATION AND PROLIFERATION 
BY CSFs 

CSFs arc essential molecules for the development 
unci differentiation of hematopoietic celU. Immunophc* 
notypicHl unci ultrastructural Studies have revealed 
that heterogeneous macrophages tiro PJ5^«»fJJ» s ^ 
colony-forming assays (Moriuka et al., l 994 Wijftcb; et 
al.. 1993), In the colony-forming as$ay, the sjge of 
M-CSF-derivcd macr-ophafiCK is lurger. They are more 
markedly differentiated* develop more abundant intra- 
cellular organelles, and have more extensive cytoplas- 
mic projection* than GM-CSF'derived or IL-3-dcnved 
^Traernphaac^ueh-CSF-c^ 
a marked difference in several functional properties 
(Rutherford et al., 1993). M-CSF, among other CSFs, is 
known to have 0 variety of effects on monocyte and 
macrophage lineage, suuh as increased production of 
monocytes and their precursors in hematopoietic or- 
gans. chcmoUiettc activity for monocytes and macro- 
pharos* diffeiwtlation of monocytes into macrophage, 
induction of macrophage proliferation, and activation 
of e ndoevtte and secretory functions. Mouse Kupffer 
rSfii have been shown 10 proliferate in vitro in the 
presence of gluean'OWlllame ct al.. 1989) or L929- 
condltloned medium (Chen et aL, 1979). GlucatH* 
known to induce the production of M-CSF and GM.CSF 
m-Kupffcr cells In vitro {Williams et al,, 1989), Studies 
by Hoebemakers ct al. (1994) have also demonstrated 
that although IL* and alone do 
*hc proliferation of Kupffer cells, M-CSF and GM-CSF 

cells, especially large mature ones- 

Tu examine the role of M-CSF on Kupffer cell develop- 
ment, differentiation, and proliferation in vivo, we yscd 
M-OSF-deficicnt animals. Osteopetrotic {oplofii mice 
arc an unlmal model for osteopetrosis and develop 
peculiar osteosclerosis due to the complete absence of 
osteoclasts that are involved in resorption a nd remodel- 
ing Of bones (Marks and Une, 1976: Marks. 198 J. 
Recently, it has been found that oplop mice are defective 
In the production of functional M-CSF prorelns, result 
ing frtun a point mutation (thymidine insertion) that 
induces a defect in the coding region or Ihc M-CSF gene 
lYoflhida et al, 1990}. The mutant mice impair the 
differentiation of monocytes into macrophages (Nimu ct 
Ml., 1991; YoKhfdncl al.. 1990) and have severe deficien- 
cies of blood monocytes, Kupffer cells, and other tissue 
macrophages (Fig. 2D). In various tissues of the mutant 
mice, the monocytc-deHved macrophage population is 
completely depleted (Felix et aL 1990b: Wiktor- 
Jedraciczak ct aL 1982}. However, there are varying 
numbers 0 f M-CSF-independent macrophages m differ- 
ent tissues. The cells are small and round and reveal no 
cvtnchemlcai localization pf peroxidase activity m any 
intracellular organelles. Tlvay arc ultraatructuraily lm- 
mature (Fig. 21) and are characterized by having a 
small cytoplasm, poorly developed intracellular organ- 
elles, and a few short cytoplasmic projections (Nalto ct 
al 1 991 1 Usuda et al., 1994: TakahnShi ct uL 1994). In 
the mutant mice, the number of Kupffer cells Is about 
\{)% in normal Uttermates and they show active phago- 
cytic runctlon, Because GM-CSf-' levels In the mutant 
mouse are within the normal range (WiUtor-JedrfceJc- 
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Fift. 20. Porecmagc of Fd/SO-pmslrlvc mntfrop huge s In various 
rtauicit irf optap mice vcwtUR IhoKC of ttidr normul litternuUce. 




Rrt *M KuprPor <wM fri «?Vnp mtrtiRD. Th& cell has only a Pew 
cytoplasmic prpjuctiohR. phagosome*, und vumidIgx. l*cn«tldaAc italv 
Ity It; ubsonUn ihc cell. *«i.00a. 



rale ct al, 1990)* the development and differentiation of 
such M-CSF-indej>cndent immature macrophages are 
regulated mostly by the effects of GM-CSF and thus are 
termed the h GM.-CSF-dcpondont maoroprmce popula- 
tion" (Nalto et aL, 1991; Wikror-Jcdrtcjcv^k ct al., 
1992). These results gecm to provide evidence for the 
existence of a pathway of macrophage differentiation 
from OM colony-forming units or earlier macrophage 
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precursors, thereby bypassing the stage of monocytic 
cell series. It te of particular Interest that the morpho- 
logical features of GM-CSF«dcpendcnt macrophages in 
the mutant mice closely resemble those of primitive/ 
fetal macrophages during ontogeny. 

The administration oF M-CSF into opt op mice drasti- 
cally Improves or cures osteosclerosis by the develop- 
ment, differentiation* and proliferation of osteoclasts 
(Felix etal,, I990«: icodama eta1„ 1$9L 1993;Takaho* 
Khi et aU, 1 994; Wiktor-Jedr^ejcwik et aL, 1991). 'I1ie 
number of tissue macrophages and osteoclasts mpidfr 
increases before the influx of monocytes, and their 
ultraRtructure starts showing marked maturation to- 
ward resident macrophages. An this period* Kupffer 
cells also start developing peroxidase activity in the 
nuclear envelope und rough endoplasmic reticulum as 
seen in resident macrophages (Fig. 22). These findings 
Indicate that, although thei'e tire 30% of GM-CSF- 
dependent Kupffer cells and 70% of M-C$F-dependont 
Kupffer cells in the liver, M-CSF acts not only on the 
lineage-specific differentiation of M-C$F-depcndent 
monocyte and macrophage population but also on the 
maturation and proliferation of the OM-CSF-depen- 
donl Kupffer cell population, 

Wc have studied the significance of M-CSF in protein- 
calorie malnutrition (Honda el al. r 1 995), Jn mice fed on 
a low-protein diet containing 4% casein r we found that 
Iho number of Kupffer cells decreased to two-thirds 



that of mice fliven a normal diet of equivalent calories 
containing 209b casein. They showed cytological and 
ultxa$nwTural features of immature Kupffer cells simi- 
lar to those in opfop mice and markedly reduced their 
proliferative capacity, After normal protein feeding or 
M-CSF administration, the number, morphology, and 
proliferative capacity of Kupffer cells returned to nor- 
mal, and they matured as In normal-diet-fed mice. In 
the mice fed protein-restricted diet, the serum levels of 
fl-r^S and GVl-CSF increased, whereas messenger RNA 
of M-CSF was markedly reduced by Northern blot 
analysis. All these data indicate that M-CSF is a 
primary important moleoule for the differentiation, 
maturation, and proliferation of Kupffer cells, 



,:'j!$s_ Rcccntly^lwI-CSF^ndJvt-CSF-ha^-been-ahowTi-to-be 



prod need by not only sinusoidal eel Is « including KuplTcr 
celt*, but also hepatocytes m vitro (Sakamoto et aL 
1 990/1 991 ; Tfcukui et al.- 1992). Besides soluble forms of 
M-CSF, M-CSF molecules associated with the cell mem- 
brane and a proteoglycan form hove been reported, 
suggesting the significance of cell-to-cell or eell-to- 
intercellufar matrix adhesion for macrophage differen- 
tiation and proliferation (Borojevic et al., 1993: Price et 
aL, !992; Suzu et al.» 1992). Furthermore, the existence 
of hematopoietic stem cells in the adult liver haR been 
suggested (Hays et al u 1978; Yamamoto et al., 1996), 
Besides the fetal period, extramedullary hematopoiesis 
is temporarily induced by various stimuli in the adult 
murine liver (Deimann and Fahtmi, 1980^,b: Borojevic 
et al., 1993)," We have observed that production of 
M-CSF in the liver is enhanced during Kupffer ceil 
depletion, suggesting that locally produced M-CSF may 
Hnduce-proliferatlon -and-dififeren tiation-of repnpulatlng - 
Kupfficr cells and thoir precursors (Yamamolo ct al.. 
1996). These facts suggest that the adult liver is also 
capable of bearing hematopoietic activity and that 
CSFs play a significant rote for providing a microenvl- 
ronment for the differentiation and proliferation of 
Kupffcr cells in not only the fetal liver but also the adult 
liver. The mechanisms of how CSFs are controlling the 
development, differentiation, maturation* proliferation 
of Kupffer cells and their function are an intriguing 
subjects that should be solved in further investigations. 
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